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Endothall Summary of Analytical Chemistry and Residue Dala DP#: 356315

MRID Summary Table

MRID No. | Study Type Comments

47520701 860.1400 Irrigated Crops (Root & Tuber Vegetables) | New DERs, 47520701.del (sugar beet, carrol and
potato field irials) and 47320701.de2 (Sugar beet
processing study)y

47520702 860.1400 Irrigated Crops {Bulb Vegetables) New PERs, 47520702.de] (onion field trials)

47520703 860.1400 Irtigated Crops (Leafy Vegetables) New DER, 47520703 .der (lettuce field irials)

47520704 860.1400 lrrigated Crops (Brassica Leafy Vegetables) | New DER, 47520704, der (cabbage ficld trials)

47520705 860.1400 Irrigated Crops (Legume Vcgetables) New DER, 47520705.del (pea, bean and soybean
field trials) and 47520705.de2 (soybean processing
stidy)

47520706 860. 1400 Irrigated Crops (Fruiting Vegetables) New DERs, 47520706.de] (tomato field trials) and
47520706.de2 {tomato processing study)

47520707 860.1400 Irrigated Crops (Cucurbit Vegetables) New DER, 47520707.der (cucumber ficld trials)

47520708 860.1400 Irrigated Crops {Citrus Fruits) New DER, 47520708.de] (orange field trials) and
47520708.de2 (orange processing study)

47520709 860.1400 Irrigated Crops (Pome Fryit) New DIERs, 47520709.der (apple field trials) and
47520709.de2 (apple processing study)

47520710 860.1400 Irrigated Crops (Stone Fruit) New DER, 47520710.der (peach field trials)

47520711 860.1400 Irrigated Crops (Berry Group) New DER, 47520711.der (blueberry and blackberry
field trials)

47520712 860,1400 Irrigated Crops (Tree Nut Group) New DER, 47520712.der (almond and pecan field
trials)

47520713 860.1400 Tirigated Crops (Cereal Grain) New DER, 47520713.del {(eorn, serghum and wheat
field trials) and 47520713 .de2 (corn, sorghum and
wheat processing studies)

47520714 860.1400 Irrigated Crops (Grass) New DER, 47520714.der (prass field trials)

47520715 860.1400 Irrigated Crops (Nongrass animal feeds) New DER, 47520715.der (alfalfa field trials)

47520716 860.1400 Irrigated Crops (Grapes) New DER, 47520716.del (grape field trials) and
475207 16.de {grape processing study}

47520717 860.1400 Irrigated Crops (Mint) New DER, 47520717.de] (mint field trials) and
47520707.de2 (mint processing study)

47520718 860.1400 Irrigated Crops (Rice) New DER, 47520718.dei (rice field trials) and
47520718.de2 (rice processing study)

47520719 860.1380 Storage Stability (Various Crops) New DER, 47520719.der (plant storage slability data)

This document was originally prepared under contract by Dynamac Corporation (1910 Sedwick
Road, Building 100, Suite B; Durham, NC 27713). The document has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness, and to reflect
current Office of Pesticide Programs (OPP) policies.

Executive Summary

Endothall is a selective contact herbicide, defoliant, desiccant, and aquatic algaecide belonging to
the dicarboxylic acid chemical class. The free acid of endothall and its dipotassium and mono-
N,N-dimethylalkyl-amine salts (monoalkylamine) are registered in the United States primarily as
aquatic herbicides for the control of a variety of plants in water bodies. This includes irrigation
canals, but only with a 7 day holding period. Endothall is also registered for desiccation/de-
foliation of alfalfa/clover {grown for seed only), cotton, and potatoes prior to harvest, and for
reduction of sucker branch growth in hops. Permanent tolerances have been established for the
combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, fish,
dried hops and potatoes, and at .05 ppm in/on rice grain and straw [40 CFR §180.293(a)(1)].

An interim tolerance of 0.2 ppm has alse been established for endothall, per se, in potable water
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resulting from the use of the monoalkylamine or dipotassium salts of endothall for control of
aquatic plants tn canals, lakes, ponds and other potential water sources. An interim tolerance has
also been established for endothall on sugar beet at 0.2 ppm [40 CFR §180.319).

There are currently three endothall end-use products registered to United Phosphorus, Inc. (UPI)
for control of algae and aquatic weeds in drainage and irrigation canals, including two
monoalkylamine salt formulations and a dipotassium salt formulation. The monoalkylamine salt
of endothall is formulated as either a 2 1b ae/gal SC/L formulation (EPA Reg. No. 70506-175) or
an 11% granular (G) formulation (EPA Reg. No. 70506-174), containing 5% ae. ' The
dipotassium salt is formulated as a 4.23 1b ai/gal SC/L (EPA Reg. No. 70506-176), which is
equivalent to 3.0 1b ae/gal SC/L. {In order to avoid the complications of different molecular
weights for different salts, endothall concentrations are expressed as the free acid equivalents
(ae).] Labels for these products allow for repeated broadcast applications to irrigation canals at
rates yielding endothall concentrations of up to 5 ppm ae for the monoalkylamine salt and 3.5
ppm ae for the dipotassium salt, The labels do not currently specify a maximum number of
applications per season or a maximum seasonal use rate. Depending on the concentration in the
treated water, the use directions specify minimum holding times of 7 days (0.3 ppm rate) to 25
days (5 ppm rate) prior to using the treated water for irrigation of crops.

Interregional Research Project No. 4 (IR-4) has proposed amending the use directions for the 2 1b
ae/gal SC/L monoalkylamine salt and the 3 1b ae/gal dipotassium salt of endothall to remove the
holding times after water is treated with endothall before it can be used to irrigate crops, which
would enable use of endothall on moving water in canals etc, and would effectively create a zero
day PHI. The amended uses specify minimum retreatment interval (RTI) of 7 days for irrigation
canals and a maximum seasonal use rate of 30 ppm ae per season (6 applications at up to 5 ppm
ae/application). In conjunction with the proposed amendments, IR-4 has proposed the following
tolerances for indirect or inadvertent residues of endothall on irrigated crops:

Vegetable, root and tuber, group 1.. IS OTOTVOPRRURRUPTOUO . o) s 3
Vegetable, leaves of root and tuber, group 2 et 3.5 PPM
Vegetable, bulb, group 3-07... 2 ppm
Vegetable, leafy, except Brassma group 4 rerertr e 3. PPM
Vegetable, Brassica, leafy, group 5... {]1 ppm
Vegetable, legume, group 6 3 ppm
Vegetable, fruiting, group 8 ......ccoivcricicvrccrrcnivccennrraren ... 0.05 ppm
Vegetable, cucurbit, group 9 ..o 11 ppm
Fruit, citrus, group 10 ..c..occioiiciirinceesnnncnrnrere s seesnecnnnnene 0,05 ppm
Fruit, pome, group 11.. OOV TOTOUOURPUOSTOOUOPPROROUURRON | N ¢ 1B o’ ¢ ¢
Fruit, stone, group 12 .. TSPV RO P ORI POUBIUPPORUPPRRRRION § 3.4 35 s o143}
Berry and small fruit, group 13 {]7 vt e e seneen 0.0 PPM
Nut, tree, group 14 .. ssrees e .05 ppm
Almond, hulls... ...10 ppm
Grain, cereal, group 15 . ..2.5 ppm
Grain, cereal, forage, fodder and hay group 16 foragc....,..............3.5 ppm
Grain, cereal, forage, fodder and hay, group 16, hay......................5 ppm
Grain, cereal, forage, fodder and hay, group 16, stover ................. 11 ppm
Grain, cereal, forage, fodder and hay, group 16, straw ....................6 ppm
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Grain, aspirated fractions ............ cevenire e 24 PPM
Grass, forage fodder, and hay, group 17 forage ceeerrersrteenaens 3 PPM
Grass, forage fodder, and hay, group 17, hay........ 19 ppm
Nongrass animal feed, group 18, forage 35 ppm
Nongrass animal feed, group 18, hay e s 8 PP
Grape.... 09 ppm
Peppermmt tops 7 ppm
SPEATMINt TOPS «.eevrerrermirecesireierinrennsreerersereserarsuessersesmnsseaseressenseres 7 PPIM
RICE, BIAIN ..ovviiviniieccrinii ittt ncs s st e ssenneneess L. 7 PPITE
RICE, SIIAW .covvirccrtr e viesierererrcssreniereretesen e se e srrnnsssas s cneersasmrenneee e 3 PPIM

The qualitative nature of endothall residues in plants is adequately understood based upon the
metabolism studies on alfalfa, cotton and sugar beets. The qualitative nature of endothall
residues in livestock is also understood based upon the adequate goat and poultry metabolism
studies. The Agency has concluded that endothall and its monomethyl ester are the residues of
concern in both plant and animal commeodities for purposes of the tolerance expression and risk
assessment. The residue of concern in water is only endothall.

A GC method with microcoulometric nitrogen detection is listed as Method I in the Pesticide
Analytical Manual (PAM, Volume II) for determining endothall residues in/on crop
commodities, and a confirmatory HPLC/MSD method (Method No. KP218R0) is also available
for determining residues of endothall and its monomethyl ester in fish and residues of endothall
in plant commodities. For the irrigated crop field trails and processing studies submitted with the
current petition, endothall residues in/on plant commodities were determined using an adequate
LC/MS/MS method (Method No. KP-242R 1), For this method, residues are extracted with water
and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% HiPQ4. The derivatized
residues are cleaned up by solvent partitioning and elution through a solid phase extraction (SPE)
cartridge. Residues are then analyzed by LC/MS/MS using external standards for quantitation.
Residues are expressed in endothall acid equivalents, and the validated limit of quantitation
{1.OQ) for endothall is 0.05 ppm for plant commodities.

Adequate storage stability data are available supporting the sample storage conditions and
durations for the irrigated crop field trials and processing studies. The newly submitted storage
stability data indicate that endothall is stable for up to 13 months in frozen tomatoes, lettuce,
sugar beet roots, and corn grain and for up to 10 months in soybean seeds and oil.

The submitted field trial data on wrrigated crops were conducted according to the previously
submitted protocol. Two to four field trials were conducted on each of the following crops in
their major growing regions: potato, carrot, sugar beet, green and bulb onions, leaf and head
lettuce, cabbage, succulent podded peas and beans, dry beans, soybean, tomato, cucumber,
orange, apple, peach, blueberry, blackberry, grape, pecan, almond, field and sweet corn,
sorghum, wheat, rice, alfalfa, grasses and mint. These crops were selected to represent the major
crop groups. In each field trial, the monoalkylamine salt of endothall (2 1b ae/gal SC/L) was used
to treat the irrigation water at a rate of ~5 ppm ae, and the treated water was then applied via
overhead sprinklers as six broadcast foliar applications at RTIs of 5-10 days. [The target
application volume in each trial was equivalent to ~1 acre inch of water (27,154 gal/A). Based
on the concentration of the endothall in the irrigation water and the amount of water applied, the
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application rates for endothall were equivalent to 1.10-1.25 b ae/A/application, for totals of
5.64-7.17 |b ae/A/season.] We note that each field trial comprised only a single plot that was
then sampled twice to provide two results.

With only a few exceptions, samples of the regulated raw agricultural commodities (RACs) from
each crop were harvested on the day of the sixth application (0 days after treatment, DAT). The
0 DAT exceptions comprise soybean seed harvested from one plot at 1 DAT, wheat grain and
straw (and also the source of the aspirated grain fraction result) harvested from one plot at 1
DAT, rice grain and straw harvested from one plot at 1| DAT, some of the grass samples
harvested at | — 2 DAT. (Interestingly, much higher results were found for the single soybean
seed and single wheat grain samples harvested at 1 DAT than for the other soybean samples and
wheat grain samples harvested at 0 DAT. This was not true for rice.} In addition, in the field
corn, sorghum and wheat field trials, samples of forage and hay (wheat only) were collected at 0
DAT, but following only 2 or 3 applications of endothall treated water.

Side-by-side tests were also conducted on some of these crops (sugar beets, lettuce, cucumber,
and peaches} comparing application of the dipotassium salt of endothall (3 Ib ae/gal SC/L) with
the monoalkylamine salt. Although the dipotassium salt was applied to the irrigation water
following the label directions for that salt, the resulting concentration of endothall in the water
was 3.5 ppm ae (0.7x rate). [The application rates for the dipotassium salt were equivalent to
0.74-091 Ib ae/A/application, for totals of 4.67-5.07 1b ae/A/season.]

Several deficiencies were noted in the field trals (see below), but the submitted field trial data
can generally be considered adequate for assessing inadvertent residues of endothall on irrigated
crops. Results should be very conservative.

The residues determined in the ¢ DAT samples should represent an over-estimate of residues for
many of the crops tested because irrigation on the day of harvest would be highly unlikely to
occur in commercial harvesting procedures. Crops and commodities which would be unlikely to
be irrigated just prior to harvest include: sugar beets, carrots, potatoes, dry bulb onions, dried
peas and beans, soybeans, tree nuts, field comn grain and stover, sorghum grain and stover, wheat
grain and straw, and rice grain and straw,

Also, all crops were overhead irrigated. For grapes at least, according to BEAD, the vines may
be overhead irrigated when not in fruit, as in these trials, but are usually only irrigated by drip
irrigation once in fruit, to reduce the growth of mold on the grape. In addition, HED notes that
phytotoxicity was reported on a number of the crops tested, including legume vegetables,
cucumbers, apple trees, peach trees, grape vines, mint and grass. The phytotoxicity generally
appeared beginning after the second application and consisted of leaf chlorosis and necrosis, with
some crops also having reduced growth and stunting. The occurrence of phytotoxicity on a wide
range of crops suggests that repeated irrigation with water containing high levels (5 ppm)
endothall is unlikely to occur undetected under normal agricultural conditions. Finally, of
course, the application rate used was, appropriately, at the maximum permitted rate, and the
number of applications at the high end of the number of treatments expected in a season. As
always, it is expected that the maximum rate and maximum number of treatments will not be

often used.
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Adequate processing studies were submitted for all possible irrigated crops, with the exception of
o0il seed crops and processing of grapes to grape juice. Although no processing data were
submitted for any crops in the “Qilseeds Crop Group”, the available soybean processing study
can serve that purpose in this case and indicates that endothall residues are unlikely to
concentrate in either oilseed meal or refined oil. Because there were problems in study for
processing grapes into grape juice, a maximum theoretical processing factor of 1.2x has been
used in place of the study data. Grape juice can therefore take the same tolerance as grapes.

Based on the highest average field trial (HAFT) residues for the various irrigated crops and the
observed processing factors, separate tolerances are required for the following processed
commodities at the recommended levels: apple wet pomace (0.15 ppm), raisins (3 ppm), dried
citrus pulp (0.1 ppm), rice hulls (5 ppm), soybean hulls (0.3 ppm), sugar beet molasses (1.2
ppm), tomato paste (0.1 ppm), and wheat milled byproducts (5 ppm). The wheat grain
processing study also indicates that endothall residues can concentrate in aspirated grain fractions
(AGF) by 15x. Based on the HAFT residues for wheat grain, which were the highest for all
grains, an appropriate tolerance for AGF would be 30 ppm.

No cattle and poultry feeding studies have been submitted for endothall. Considering the
exposure of livestock to endothall residues through both the consumption of feedstuffs from
irrigated crops and from the drinking of endothall treated water treated at 5 ppm endothall ae, the
calculated maximum dietary exposure of livestock to endothall is 27.7 ppm for beef catile, 35.8
ppm for dairy cattle, 16.8 ppm for poultry, and 19.7 ppm for swine.

Proposed tolerances in meat tissues have therefore been based upon these dietary burdens and
upon the TRR developed in the meat tissues when goats and chickens were fed radiolabeled
endothall for the metabolism studies. Approval will require confirmatory submission of the
required feeding studies.

The Agency has concluded that the only residues of significance in rotated crops are endothall
and its monomethyl and dimethyl esters. Although data from limited field rotational crop trials
have been previously required, the inadvertent exposure of crops to endothall via the use of
treated Irrigation water will exceed the potential exposure of crops from being planted in rotation
with endothall treated primary crops. Therefore, the establishment of tolerances for
indirect/inadvertent residues of endothall on the proposed irrigated crops precludes any further
need for limited field rotational trial data or for rotational crop tolerances.

Regulatory Recommendations and Residue Chemistry Deficiencies

Several deficiencies were noted in the subject petition, but none of these would preclude
establishing permanent tolerances for inadvertent endothall residues in/on irrigated crop
commodities. Although the following deficiencies were noted in the irrigate crop field trials, no
action is required to resolve these deficiencies.

»  The bridging studies comparing the use of the monoalkylamine and dipotassium salts of
endothall were of limited use as the two formulations were applied at different rates. In
terms of acid equivalents, the monoalkylamine salt was applied at a concentration of 5
ppm and the dipotassium salt was applied at a concentration of 3.5 ppm, which is the
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maximum allowed use rate of the dipotassium salt (0.7x rate for the monoalkylamine
salt). For each of the crops tested with both salt formulations, endothall residues were
0.6-0.9x lower for the dipotassium salt than for the monoalkylamine salt, which is
consistent with the lower use rate for the dipotassium salt. Although the bridging studies
do not allow for direct comparison of the two salts, the data do indicate that endothall
residues resulting from application of the dipotassium salt to irrigation canals would
generally be expected to be lower than from the monoalkylamine salt, when both are
applied according to current label directions.

« Spinach should have been used as the representative leafy vegetable crop, as foliar
applications generally result in higher residues on spinach than on lettuce (leaf and head)
or celery.

« Mustard greens should have been used as the representative Brassica vegetable crop, as
foliar applications generally result in higher residues on mustard greens than on broccoli,
cauliflower or cabbage.

+ Field corn forage, sorghum forage and wheat forage and hay only received 2-3
applications prior to harvest. For these crops, separate plots should have been established
for collection of forage and hay samples so that all six applications could have made prior
to harvest of forage and hay.

« No field trials were conducted on an oil seed crop such as, canola, flax, safflower, or
sunflower.

» No field trials were conducted on peanuts, which is a major field crop.

The following additional deficiencies were also noted in the submitted petition; however, these
deficiencies must be resolved as a condition of registration.

« Data are required indicating whether or not the submitted LC/MS/MS method is capable
of extracting and recovering the monomethyl ester of endothall.

« Dairy cattle and laying hen feeding studies are required to support immediate application
of endothall-treated irrigation water to crops.

« A revised Section F is required including the recommended tolerances on RACs and
processed commodities from irrigated crops.

HED recommends for establishing permanent tolerances for indirect or inadvertent residues of
endothall on irrigated crops. The recommended tolerances for the various crops and crop groups
and their associated processed commodities are listed in Table 10. The tolerances for irrigated
crops should be established under 40 CFR §180.293(d). A human health risk assessment for

endothall is forthcoming.
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Background

Endothall is a dicarboxylic acid that is a selective contact herbicide, defoliant, desiccant, and
aquatic algaecide. The free acid of endothall (PC Code 038901) and its dipotassium {PC Code
038904) and monoalkylamine (PC Code 038905) salts are registered primarily as aquatic
herbicides for the control of a variety of plants in water bodies, including irrigation canals.
However, these uses require a minimum 7 day holding period before the water can be used on
crops, They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
The Reregistration Eligibility Decision (RED) for endothall was issued September 2005.

Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, dried hops and potatoes, and at 0.05 ppm in/on rice grain and
rice straw [40 CFR §180.293(a)(1)]; and an interim tolerance has also been established for
endothall on sugar beet at 0.2 ppm [40 CFR §180.319]. These tolerances are intended to cover
intended direct use of endothall on these crops. Permanent tolerances are also established for
fish at 0.1 ppm straw [40 CFR §180.293(a){1)].

Residue data supporting irrigation of crops with endothall treated water were previously
submitted using cabbage, celery, grapefruit, peppers and turnips as representative crops.
However, these studies were deemed inadequate to support the establishment of crop group
tolerances. Additional data were required for other representative crop group commodities and
the irrigated crop studies were conducted using endothall in the water at 3 ppm, which is 0.6x the
maximum application rate of 5 ppm for aquatic sites. The Endothall RED reiterated the need for
extensive crop field trials to support the use of treated irrigation water on crops. The application
rate in these tests needed to reflect the maximum aquatic use rate of endothall (5 ppm) and the
maximum possible number of applications per season.

In response to the above requirements, IR-4 lias proposed amendments to the use directions for
endothall on irrigation canals and has submitted extensive crop field trials to support tolerances
on irrigated crops (PP#8E7419) when endothall is used with a zero day holding period. The
chemical structure and nomenclature of endothall and its salts are listed in Table 1. The
physicochemical properties of technical grade endothall and its salts are listed in Table 2.
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Tabte 1. Structure and Nomenclature of Endothall and its Salts,

Chemical Structure Q

OH

OH

O
Common name Endothall
Molecular Formula CeHy60s
Molecular Weight 186. L6
1UPAC name 7-oxabicyclo]2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclof2.2. 1 heptane-2,3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Feed Site Registration { Cotton, hops, potato, alfalfa grown for seed
Chemical Structure O
-+
O
0K
O
Common name Endothall, dipotassium salt
Molecular Formula CsHgK50;5
Maolecular Weight 262.33
IUPAC name Not available
CAS name Not available
CAS# 2164-07-0
PC Code 038904
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed, aquatic uses
Chemical Structure O
- C
O Hs +
N-—-CH. (n)CH
O H / 1.]2 3
H,C
O (n=7-17}

Common name

Endothall, mono-NN-dimethylalkyl amine salt

Maolecular Formula

Not available

Molecular Weight

Average: 422

[UPAC name T-oxabicyclo{2.2. | Theptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS name Not available

CAS # 66330-88-9

PC Code 038903

Curren? Food/Feed Site Registration

Cotton, hops, polato, alfalfa grown for seed, aguatic uses
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Table 2. Physicochemical Properties of Endothall and its Salts.

Parameter [Value i Reference

Endothall (acid)

Melting point 108-110°C DP# 304026, D. Soderberg,

pH 2.7 at 25°C (1% solution) 6/10/2004 .
Density, bulk density, or specific [ 0.48] gfem® (bulk) at 25T

gravity

Water solubility at 257

109.8 g/L
13.1 g/100 ;i in water, pH 5

12,7 g/100 mi in water, pH 7
12,5 g/100 ml, in water, pH ¢

Solvent solubility at 25 C

3.4 g/100 mL in acetonitrile
2.4 ¢/100 mL in n-octano!
16.0 /100 mL in tetrakydrofiran

Yapor pressure

392 x 10% mm Hg at 2437

Dissociation constant, pK,

4.32 for Step | and 6.22 for Step 2 at 20T (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° pmho within 3-5 minutes at 125,
by conductivity meter

Octanol/water partition coefficient

Not applicable to endothall acid

UV/visible absorption spectrum Not available

Endothall, dipotassivm salt

Melting point >360TC DP# 304026, D. Soderberg,
PH 9.1 2t 257 (1% solution) 6/10/2004

Density, bulk density, or specific 0766 g/em® (bulk) at 25C

gravity

Water solubility

>65 g/100 mL in water, pH 5, pH 7, and pH 9

Solvent solubility

<(.001 g/100 mL in acetonitrile, n-octanol, and
tetrahydrofuran

Vapor pressure

Not applicable. An organic acid K salt is
anticipated 1o kave an insignificant vapor pressurc.

Dissociation constant, pK,

4,16 for Step 1 and 6.14 for Step 2 at 20T in
water; dissociation complete at 5 mins (13.6 x 1¢°
pmho)

Octanol/fwater partition coefficient

Kow <0.02 and <0.3 at concentrations of 9 x 107
M and 9 x 107 M, respectively, at 257

UV /visible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

DP# 304026, D. Soderberg,

pH

5.2 at 257 (1% solution)

6/10/2004

Density, bulk density, or specific
gravity

1.028 g/mL at 25%C

Water solubility at 25

>49.2 g/100mL in water, pH 5
>51.6 g/100 mL in water, pH 7
>49.8 /100 mL in water, pH 9

Solvent solubility at 25T

>102.5 g/100mL in acetonitrile
=934 /100 mL in n-octanol
>104.3 g/100 ml in tetrahydrofuran

Vapor pressure

2.09 x 10 mm Hg at 25 C {cal culated; mixed
mono- and dialkylamine (C8-C20Y)

Dissociation constant, pK,

4.24 for Step | and 6.07 for Step 2 at 20T for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
[117 minutes (1.7 x 10° pmho}) at 251

Oclanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10~ M and
8.9x10* M, at 25T

UVivisible absorption spectrum

Not available
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860.1200 Directions for Use

There are currently three endothall end-use products registered to UPI for control of algae and
agquatic weeds in drainage and irrigation canals, including two monoalkylamine salt formulations
and a dipotassium salt formulation. The monoalkylamine salt of endothall is formulated as either
a 2 1b ae/gal SC/L formulation (Hydrothol 191; EPA Reg. No. 70506-175) or an 1 1% G
formulation (Hydrothol Granular; EPA Reg. No. 70506-174), which contains 5% acid equivalent
of endothall. The dipotassium salt is formulated as a 4.23 1b ai/gal SC/L (Aquathol® K; EPA
Reg. No. 70506-176), which is equivalent to 3.0 b ae/gal SC/L.

The current labels for these products allow for repeated broadcast applications to irrigation canals
at rates yielding endothall concentrations of up to 5 ppm ae for the monoalkylamine salts and 3.5
ppm ae for the dipotassium salt. (HED notes that the label directions for the dipotassium salt are

expressed in Ib ai rather than Ib ae; therefore the use rates for the dipotassium salt are ~0.7x the
use rates for the monoalkylamine salt.) The labels do not currently specify a maximum number
of applications per season or a maximum seasonal use rate. Depending on the concentration in
the treated water, the use directions specify minimum holding times of 7 days (0.3 ppm rate) to
25 days (S ppm rate) prior to using the treated water for irrigation of crops.

IR-4 is supporting an amendment to the use directions for the 2 1b ae/gal SC/L monoalkylamine
salt and the 3 1b ae/gal SC/L dipotassium salt of endothall to remove the holding time restriction
for using endothall-treated water from irrigation canals for the irrigation of crops. The amended
uses also specify a minimum RTT of 7 days and a maximum seasonal use rate of 30 ppm ae per
season. Example labels containing the proposed use directions were provided and are
summarized below in Table 3.

Table 3. Summary of Proposed Use Directions for Endothall Salts on Irrigation and Drainage Canals,
e Formulation * . Maximum
,?pp:"a‘mz“g":ﬁ’ [EPA Reg. ‘;‘;ﬂ‘i‘ Seasonal (ﬁfi) Use Directions and Limitations
ype, auip- No.} Rate Y
Endothall Monoalkylamine Salt (PC Code 038905)

Broadcast surface

2.0 1b ae/gal

A minimum 7-day RT1 is specified,
Do not use treated water for domestic purposes or

:I;Ii::fauzﬁ;z SC/L 5.0 ppm 30 ppm 0? {animal consumption within the following period:
e, g;m [70506-175] 0.3 ppm - 7 DAT; 3.0 ppm - 14 DAT; and
quipm 5.0 ppm - 25 DAT.
Endothall dipotassium salt (PC Code 038904)

Broadcast surface
application to
water; ground
equipment

3.0 1b ae/gal
SC/L
[70506-176]

3.5 ppm

2] ppm

03

A minimurn 7-day RT7 is specified.

Do not use treated water for domestic purposes or
animal consumption within the following period:
0.3 ppm - 7DAT; 3.0 ppm - 14 DAT; and

5.0 ppm - 25 DAT.

The formulations are expressed in Ib endothall ae/gal.

> The maximum single and seasonal application rales are expressed in concentration of the endothall acid. The 30
ppm seasonal maximurn rate is equivalent to 6 applications at the maximum single use rate,
3 No holding time is required prior to use of treated waler for irrigation of crops.

NS = not specified.

Conclusions. The submitted labels are adequate to evaluate the residue data relative to the
proposed use of endothall on irrigation canals.
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860.1300: Nature of the Residue - Plants
DP# 321179, D. Soderberg, 8/30/2005

The nature of endothall residues in plants is adequately understood based on the acceptable
alfalfa, cotton, and sugar beet metabolism studies reflecting use of the dipotassium salt of
{“Clendothall. An adequate cotton metabolism study is also available reflecting use of the
mono-N,N-dimethylalkylamine salt of {*Clendothall. HED has concluded that the metabolism
studies using the dipotassium salt will also fulfill metabolism data requirements for the
monoalkylamine salt as the two salts would be expected to behave similarly in plants. The HED
Metabolism Committee (S. Funk, 11/8/96) has also concluded that the residues of concern for
both risk assessment and tolerance enforcement in plant commeodities include parent endothall
and its monomethyl ester.

860.1300: Nature of the Residue - Livestock
DP# 321179, D. Soderberg, 8/30/2005

The qualitative nature of the endothall residues in livestock is adequately understood based on
the acceptable poultry and goat metabolism studies. The HED Metabolism Committee has
concluded that the residues of concern in animal commodities consist of parent endothall and its

monomethyl ester.

860.1340 Residue Analytical Methods

DP#t D32]1179, D, Soderberg, 8/30/2005

Enforcement Methods

An enforcement method (GC with microcoulometric nitrogen detection) is listed as Method I in
the Pesticide Analytical Manual (PAM, Volume II) for the determination of endothall in plant
commodities. Using this method, residues in crop commodities are extracted using acetone
acidified with HC). The extract is concentrated, and the oi! and oil-soluble materials are
removed by partitioning solvents. The endothall containing oil-free fraction is concentrated by
boiling with acetic acid. Any endothall present is converted to the N-methoxyimide derivative by
reaction with methoxyamine hydrochloride. The imide is partitioned into chloroform,
concentrated and analyzed by GC using a nitrogen specific detector. The method LOQ is 0.1

A confirmatory HPLC/MSD method (Method No. KP218R0) is also available for determining
residues of endothall and its monomethyl ester in fish and residues of endothall in plant
commodities. For this method, residues are extracted with water, acidified and, if necessary,
purified using a Cy3 SPE column. Residues are then derivatized with heptafluoro-p- _
tolylhydrazine (HFTH) and partitioned into dichloromethane (DCM). Derivatized residue are
concentrated, redissolved in toluene, and cleaned up using a silica gel cartridge. Residues are
determined by HPLC/MSD using the 397 amu ion for detection and quantitation. The validated
LOQ is 0.05 ppm for fish (endothall and endothall monomethyl ester), and the L.OQs for plant
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commoedities range from 0.01-0.10 ppm, with the initial C;g SPE cleanup step. This method has
undergone a successful independent laboratory validation using fish samples.

Data Collection Methods

In the irrigated crop field trials and processing studies, residues of endothall in/on plant
commodities were determined using a LC/MS/MS method (Method No. KP-242R 1) entitled
“Analytical Method for Determination of Endothall in Crops”, issued 5/4/2007. For this method,
residues are extracted from all matrices, except oil, by homogenization with water followed by
centrifugation and filtering. For oil samples, the samples are initially diluted with water and
partitioned against hexane, discarding the organic fraction. The aqueous soluble residues from
all matrices are then derivatized with HFTH in 50% H3PQ, at 100-120°C for 90 minutes. The
derivatized residues are partitioned into methyl t-butyl ether (MTBE), concentrated, and
reconstituted in hexane:MTBE (1:1 v/v). Residues are then cleaned up using an amine SPE
cartridge eluted with methanol:MTBE (4:1,v/v) or methanol. Residues are analyzed by
LC/MS/MS using external standards, and the m/z 397--166 ion transition was used for
quantifying residues. Residues are expressed in endothall acid equivalents. The validated LOQ
1s 0.05 ppm for plant commodities.

In conjunction with the irrigated crop field trials, the above method was adequately validated on
all plant matrices tested.

Conclusions. Adequate methods are available for enforcing the proposed tolerances, and the
residue data from the field trials and processing studies were collected using an adequate
LCMS/MS method. The conditions for the derivatization step used in Method No. KP-242R1
should hydrolyze the monomethyl ester to the free acid. However, no data were provided as to
whether or not the LC/MS/MS method can recover residues of the methyl ester of endothall,
which are also residues of concern.

860.1360 Multiresidue Methods
DP# D321179, D. Soderberg, 8/30/2005

Adequate data are available evaluating the recovery of endothall using the FDA multiresidue
methods published in the FDA Pesticide Analytical Manual, Volume I (PAM Vol. 1). The
available data indicate that endothall is not recovered through the FDA multiresidue methods.

860.1380 Storage Stability

DP# D321179, D. Soderberg, 8/30/2005
47520719.der.doc

Adequate storage stability data are available indicating that endothall is stable under frozen
storage conditions for up to 5.5 years in rice, broccoli, oranges and tomatoes; 15 months in sugar
beet tops and roots; 12 months in potatoes and cottonseed; and 9 months in alfalfa seed.

Additional storage stability data were also submitted with the current petition. In this study,
control samples of tomato, lettuce, sugar beet root, corn grain and soybean seeds and oil were
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fortified with endothall (free acid) and stored at <-8°C. Stored samples of frozen tomatoes,
lettuce, sugar beet roots and corn grain were analyzed after 0, 1, 10 and 15 months of storage and
the frozen soybean seed and oil samples were analyzed after 0, 1, 5 and 10 months of storage.
Endothall residues were completely stable for up to 15 months in frozen tomatoes, lettuce, sugar
beet roots, and corn grain and for up to 10 months in soybean seeds and oil. The tests on soybean

seeds and oil are on-going.

The storage durations and conditions of samples from the irrigated crop field trials submitted to
support this petition are presented in Table 4.

Tabie 4. Summary of Storage Conditions and Durations of Sampies from Irrigated Crop Field Trial and
Processing Studies,
Matrix Storage Actue?l Storage Interval of Dein?onstratcd
Temperature (°C) Duration {days) Storage Stability (days)
Field Trials
Carrot 33-272
Potato <18 41-58 469
Sugar beet tops and roots 47-64
Onjons, green and bulb <18 63- 143 469
Letluce <18 34-52 469
Cabbage <18 61-118 469
Lima beans, succulent podded 93-431
Dried beans <10 63-76 315-468
Garden peas, succuient podded i13-127
Soybean seed 39-385
Tomatoes =11 77106 ~2000
Cucumbers <10 478 ~2000
Qranges <-18 105-107 ~2000
Apples <-18 230 ~2000
Peaches <10 154 ~2000
Blueberries and blackberries <-18 §5.08 ~2000
Pecan nutmeat <18 203 115460
Almond nutmeats and hulls 00-96
E;Z;Z,rK+CWHR, forage, grain, and <10 42.238 466-469
Sorghum forage, grain and slover <10 51-83 466-469
Wheat forage, grain, hay and straw <10 42-113 466-465
Grass forage and hay <10 404-440 469
Alfalfa Forage and hay =18 66-83 469
Grapes =10 88-37% 467
Mint tops =18 22-336 469
Rice grain and straw <-10 64-99 466-469
Processing Studies
::gzzgzzhr:lfgtz}dried pulp, molasses <18 19.64 465
iﬁybean seed, hulls, meal and refined <10 17-78 306-315
Tomato fruit, paste and puree <-5 77-80 ~2000
Orange fruit, dried pulp, juice and oil <18 109-121 3622?)?0 ;
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Processing Studies.

Table 4. Summary of Storage Conditions and Durations of Samples from Irrigated Crop Field Trial and

Matrix Storage Actual Storage Interval of Demoenstrated
Temperature (°C) Duration (days) Storage Stability {davs)

Apple fruit, juice and wet pomace <18 231-286 ~2000

Sorghum grain and flour <10 26 ~2000

Wheat grain, middlings, bran, flour, <10 3479 2000

shouts and germ

Cormn grain, grits, meal, flour, starch, < ~2000

and oil =10 22-37 306 (0il)

Grape fruit, juice and raisins <10 377.379 ~2008

Mint Tops <17 22-336 467

Mint Oil 241 306

Rice grain, hulls, bran and polished rice =10 39-48 ~2000

Conclusions, The available storage stability data are adequate and support the sample storage
conditions and durations from the wrrigated crop field trials.
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860.1400 Water, Fish, and Irrigated Crops

Fish.
DP# D307060 D, Soderberg 8/23/2004

Residue data were submitted (MRIDs 44820102, 43315801 and 42644001) showing metabolism
of endothall in fish, bioconcentration of endothall residues in fish, and magnitude of the residue
data in fish. Most of the endothall radicactive residue was incorporated into natural components
of the fish. No endothall, per se, or either of its methyl esters were identified in the metabolism
study, but one could infer from the combination of studies and other correlate information, that
the residues of interest would be endothall and its monomethyl and dimethyl esters.

A magnitude of the residue study was performed using bluegill, catfish, crayfish, and freshwater
clams in seven treated fresh water tanks and oue coutrol tank. Using a method with an LOQ of
0.02 ppm, residues of endothall, per se, were not detected in catfish, were up to 0.026 ppm in
bluegills, up to 0.23 ppm in crayfish and in freshwater clams were up to 0.96 ppm. There was no
measurable contribution to the residue from either of the methyl esters, however recovery of the
methyl esters was not good.

Consistent with the registrant’s proposal for tolerance, HED agreed that these data could support
tolerances at 0.1 ppm for fish, 1 ppm for crustaceans, and 4 ppm for mussels - pending
submission of either a revised metabolism study or a radio-validation study more clearly showing
the importance of the methyl esters in the total residue, or revised residue data using a method
showing better recovery of the two methyl esters. A tolerance of 0.1 ppm has since been
published for fish.

Irrigated Crops.

DP# D321179, D. Soderberg, 8/30/2005

47520701 .del.doc (Sugar beet, carrot, potate) 47520702 .der.doc (Green and dry buib onions)
47520703 der.doc (Cabbage) 47520704 .der.doc (Leaf and head lettuce)
47520705.del.doc (Legume vegetables) 47520706.del.doc = (Tomato)
47520707.der.doc {Cucumber) 47520708.del. doc (Orange)
47520709.del.doc {Apple) 47520710.def.doc (Peach)

4752071 1.der.doc (Blueberry and blackberry) 47520712 .der.doc (Pecan and Almond)
47520713 .del. doc (Corn, sorghum and wheat) 47520714.der.doc (Grass)

47520715.der.doc {Alfalfa) 47520716.del.doc {Grape)

47520717.del.doc (Min1) 47520718.del.doc  (Rice)

Residue data supporting the use of endothall-treated water for irrigation of crops were previously
submitted on cabbage, celery, grapefruits, peppers, and turnips as representative crops (DP#
D321179, D. Soderberg, 8/30/2005). In these earlier tests, the SC/L or G formulations of the
monoalkylamine or dipotassium salts for endothall were applied to the above crops ata
concentration of ~3 ppm using overhead or furrow irrigation, with each crop receiving 5-7
applications. HED concluded that these data were not adequate because endothall was not
applied at the maximum use rate allowed for irrigation canals (5 ppm) and because the data were
insufficient to cover all irrigation crops.
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In response, [R-4 submitted a protocol for conducting limited field trials on representative
irrigated crops. This protocol was discussed with ChemSAC, which provided only minor
comments (ChemSAC minutes for 5/12/06 meeting). Subsequently, IR-4 has submitted limited
field trial data covering a wide variety of crops and crop groups that could be irrigated with
endothall-treated water, including: carrots, potatoes and sugar beets (groups | and 2); green and
dry bulb onions (group 3); leaf and head lettuce (group 4); cabbage (group 5); dried and
succulent (podded) peas and beans (group 6); tomatoes (group 8), cucumbers (group 9); oranges
{group 10), apples {group 11), peaches (group 12), blueberries and blackberries (group 13);
almonds and pecans (group 14); corn, sorghum, wheat and rice (groups 15 and 16); grass (group
17); alfalfa (group 18); and mint, Although the field trials cover a wide variety of crops, the
number of field trials conducted on any given crops was limited, ranging from 2 to 4 tests per
crop.

In each field trial, the monoalkylamine salt of endothall (2 Ib ae/gal SC/L) was used to treat the
irrigation water at a rate of ~5 ppm ae (ae), and the treated water was then applied via overhead
sprinklers as six broadcast foliar applications at RTls of ~7 days. The target application volume
in each trial was equivalent to ~] acre inch of water (27,154 gal/A). Based on the concentration
of the endothall in the irrigation water and the amount of water applied, the target application rate
for endothall was equivalent to 1.13 Ib ae/A/application, for a total of 6.79 1b ae/A/season. Side-
by-side tests were also conducted on selected crop (sugar beets, lettuce, cucumber, and peaches)
comparing application of the dipotassium salt of endothall (3 Ib ae/gal SC/L) with the
monoalkylamine salt. However, although the dipotassium salt was applied to the irrigation water
according to the label directions for that salt, the resulting concentration of endothall in the water
was 3.5 ppm ae, [Unlike the label direc¢tions for the alkylamine salt, the label directions for the
potassium salt assume that it is applied at 5 ppm as the salt, not as the acid equivalent, that is to
say, the potassium salt labeled instructions describe application at 5 ppm ai, not 5 ppm ae.]

In each field trial, the endothall residues were determined using an adequate LC/MS/MS method
(Method No. KP-242R 1), which is described in the above Residue Analytical Methods Section.
The method was validated in conjunction with each trial, and the validated LOQ for endothall is
0.05 ppm in each commodity. The sample storage conditions and durations for the various crop
commaodities from each of the field trials are supported by the available storage stability data.
The details for each of the submitted field trials are discussed below, and the endothall residues
in the commodities are summarized in Table 5.
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TABLE 5, Sumumary of Residue Data from Field Trials with Endothall.
Formulati Total PHI Residue Levels (ppm) 2
Commodity Applic. Medi Mo
on type {days) : 3 edian eain
Rate ! n Min, Max. HAFT (STMdR) | (STMR) Std. Dey.
Root and Tuber Vegetables
Monoamin 5 pom
esalt | o 7;’_% oy | O 2 1.32 136 136 1.34 134 0.033
Sugar beet, (SC/L) ) )
tops Dipotassim | , . . [ | - |~ S RPN ] S
m salt '{;is"éjt)?fg?é) Q f7 2 f0527 11140 F ©0.820 .71 0:820 . 1.50.41;
Monoamin 5 npm
esalt | o A 9| O 2 0.165 | 0493 | 0493 | 0330 | 0330 | 0230
Sugar beet, {SC/L}) ) )
m salt - {4‘56%};’)- ) S0.4187:],0330- 10331 | 02247 -0224:. |
Monoamin 5 ppm
Carrot ¢ sall 0 2 0.0685 | 0.088 0.088 0.078 0078 | 0014
6.77-6.79)
scy (¢
Monoamin 5
Potato esalt | o 7;’_1:3";3) 0 2 ] 00725 | 0875 | 0.0875 | 0080 { 0.080 [ 001
(SC/L) S
Bulb Vegetables
Green Onion 5('2 5?;" 0 ] 0.259 | 0259 | 0.259 0.259 0259 | NA
Egﬁf“lb (65‘%) 0 I <005 | <0.05 | <005 | <005 | <005 | wa
Leafy Green Vegetables — Lettuce
Monoamin 5 pom
¢ sal (673"_%_76) 0 2 0.436 [ 9915 | 09915 ¢ 0714 0.714 § 0393
Leaf letiuce (SC!L) - - - R e e
Dipotassia | 4 505 S RS B PR SRR RAN,
-m_s;l}‘ (4..%?{’581) 0 2 {: 0248 }0.7975] 079751 0.523 | 0523 10363
Monoamin S nom
¢ salt (6‘_’,}:]’_’,_]7) 0 2 0.0865 [0.5475| 0.5475 | 0292 0.317 { 0.270
Head lettuce (SC!L) . ——— - T — g
. maalt” (4\5:1_-?5-"0;?-') e |20 1 00667 0509710509 .{ 0.2875 | 0:2875 {03132
{SC/L). TR he e : T T oo
Brassica - Cabbage
Cabbage,
&iﬁ;‘:h s 2 i‘;“;o) 0 2 0.0615 | 00625 | 0.0625 | 0062 | 0062 | 0.0007
leaves |
Legume Vegetables
Eg;;zg";;ans © 755pg“(;',2)4 0 2 0.3075 | 04675 | 64675 | 03875 | 03875 | 0.113
g:;;‘;cg‘eas 261’7?"1’; 0 2 | os205 | 0939 | 0939 | 073 | 0734 | 0290
. 5 ppm
Dried Beans 677 0 2 0.062 ¢ 0116 | 0.116 0.109 0.103 | 0.010
Soybean, 5 ppm )
Hrivd soed (6.75-6.17) 0-1 4 <0.05¢ [ 007 0.07 0.034 0.034 | 0.025
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TABLE 5. Summary of Residue Data from Field Trials with Endethall
: 2
Commodity Formulati A’;‘;:;i PHI Residue Levels pphrdn)d. v
on type . davs . 3 edian ean
yp Rae ! [ @D 0 Min. Max.. | HAFT® | omvapy | sTvmy | St Dev
Fruiting Vegetables - Tomatoes
. 5 ppm
{omato (6.74-6.77) 0 2 <0.05 <0.05 <0.05 0.05 0.05 N/A
Cucurbits - Cucumbers
Monoami 5 ppm
Frait ne salt G 2 0.259 0.738 0.738 0.499 0.499 0.33%
(SCIL) (6.75-6.77)
Dipotassin | ¢ - o
Fruit msait | éO_P(fSI) 0 2 . 0324 | 0433 |;0433. | 0522 | 0522 | 0389
(SCwy - | VTR o ‘. B DT P
Citrus - Orange
5 ppm
Orange (6.63-6.78) G 2 0.0215 0.026 0.026 0.024 0.024 £.0032
Pome Fruit ~ Apple
5 ppm
Apple (6.64-6.79) 0 2 £.039 0.043 .043 0.041 0.041 0.0028
Stone Fruits — Peach
Monoami S ppm
Frait ne satt 0 2 0.044 0.152 0.152 0.0%8 0.098 0.076
(SC/L) (6.78-7.08)
Dipotassi | ’ A S R coL N g
rait wmsalt | 43552{[’5‘”5’5) 0-f "2 o o0as {0127 | 0127 | 0086 | 0086 | 0.0ss
(§CA)y ) VT e . : ' : :
Berries
Blueberry 5(‘255’;;“ 0 ! 0177 | 0177 | 0177 0.177 0177 | NA
Blackberry 5{2 gg;“ 0 1 0328 | 0328 | 0.328 0.328 0.328 | wa
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Endothall Summary of Analytical Chemistry and Residue Data DP#: 356315
TABLE 5. Summary of Residue Data from Field Trials with Endothall.
: 2
Commodity Formulati A’l}‘;;tlaii PHI Residue Levels (. pp;lnid. -
on type * | (days) A . 3 N ean
¥p Rate ! Y n Min. Max. HAFT (STMAR) | (STMR) 5td. Dev,
Tree Nuts
Pecan, 5 ppm 0 1 0.24 024 0.024 0.024 0.024 N/A
nutmest {7.01)
Almoad, 5 ppm 0 1 0.037 | 0037 | <0.037 | 0037 0.037 | NA
nuimeat (6.80)
Almond, hutls 0 1 7.56 7.56 1.56 156 1.56 N/A
Cereals, except Rice
Sweet Corn
K+CWHR 0 2 0.05 0.17 0.17 0.1% 0.11 0.085
Forage wio 3 ppm
cars e 6.75-6.91) 0 2 0.585 1.23 1.23 0.908 0508 | 0.456
Forage 0 2 0445 | 097 | 097 0708 | 0708 | 0.371
wiears
Stover wyears 0 2 0.635 4.88 4.88 2.758 2758 3.002
Field Corn
Forage 5 ppm
(2.26-3.38) s 0 4 0.285 0.385 {.385 0.334 0.334 0.041
Grain 5 ppm 0 4 0.04 0.05 0.03 0.05 0.05 0.003
Stover (6.75-7.10} 0 4 1.44 3.19 3.19 2.08 208 0832
Sorghum
Forage 5 ppm
(2.26-3.38) s 0 3 .33 2.67 2.67 1.262 1.262 t.237
Grain 5 ppm 3 0.645 1.21 1.21 1.00 1.00 0.311
Stover (6.77) 3 0.96 4.90 4.90 291 291 1.97
Wheat
Forage 5 ppm 0 4 0.685 2.13 2.13 1.15 1.15 0.662
Hay (2.19-3.39) F o 4 1.055 3.09 3.09 1.94 1.94 0.89
Grain 5 ppm 0-1 4 0.32 1.51 1.91 0.71 0.71 0.800
Straw (6.58-6.77) 0-1 4 107 2.74 274 1.83 £.83 0.74
AGF 1 203 203 20.3 20.3 203 N/A,
Grasses
Forage 5 ppm 0-2 5 194 273 2.73 2.21 2.2 0.32
Hay (6.64-7.02) 0-2 6 5.87 1365 | 13.65 877 8.77 3.00
Alfalfa
Forage 5 ppm 0 2 1.77 212 2.12 1.95 1.95 0.25
Hay (5.94-6.58) 0 2 4,93 5.20 5.20 5.07 5.07 0.19
Grapes
5.0 ppm
Grape (6.64-6.76) 0 3 0.405 0.642 0.642 0.522 0.522 0.119
Mint
; 5 ppm
Mint (6.64-6.77) 0 2 149 2.80 2.80 2.14 2.14 0.923
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TABLE 8, Summary of Restdue Data from Field Trials with Endothall,
. z
Commodis Fotmulati AET:]E;L PHI Residue Levels (PP;;)d‘ v
on type © | (days) ; 2 edian ean
P Rate ! n Min. Max, HAFT (STMdR) | (STMR) Std. Dev.
Rice .
Rice grain 5 ppm 0-1 4 0.756 1.18 1.18 1.05 1,05 0.200
Rice Straw (6.75-6.77) 0-1 4 1.02 2.6 2.6 1.90 1.90 0.66

The endothall concentrations are expressed in acid equivalents, and the values in parentheses are the total application ratcs in

terms of 1b ae/A.
% Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. The LOQ was used for all valucs reported as <LOQ.

! HAFT = Highest Average Field Trial.
* One of the succulent podded bean field trials used 8 applications rather than 6 applicalions due to slow plant growth and

maturation.
% Field corn forage, sorghum forage, and wheat forage and hay were harvested after only two or thrce applications.

Root and Tuber Vegetables (Group 1).

Two field trials each were conducted on sugar beets, carrots, and potatoes in Zones 5, 10 and 11
during 2006-2007. In each test, the monoalkylamine salt formulation of endothall (2 1b ae/gal
SC/L) was used to treat the irrigation water at a rate of 5 ppm ae. In addition, in the two sugar
beet field trials, side-by-side test were also conducted using the dipotassium salt of endothall
applied to the irrigation water at a concentration of 3.5 ppm ae. The treated water was applicd
during vegetative development as six broadcast foliar applications using overhead sprinklers, at
RTIs of 6-8 days. Based on the conceniration of the endothall and the amount of water applied,
the application rates for the monoalkylamine salt of endothall were equivalent to 1.13-1.14 1b
ae/Afapplication, for a total of 6.77-6.83 1b ae/A/season. The application rates for the
dipotassium salt were equivalent to 0.80-0.81 1b ae/A/application, for a total of 4.80-4.88 1b
ae/A/season. Single control and duplicate treated samples of sugar beet roots and tops, carrot
roots and potato tubers were harvested from the respective tests on the day of the final
application (¢ DAT).

Following six endothall (monoalkylamine salt) applications totaling 6.77-6.83 1b ae/A/season,
endothall residues at 0 DAT were 1.11-1.62 ppm in/on 4 samples of sugar beet tops from 2 plots,
0.136-0.591 ppm in/on 4 samples of sugar beet roots from 2 plots, 0.062-0.088 ppm in/on 4
samples of carrot roots from 2 plots , and 0.067-0.103 ppm in/on 4 samples of potato tubers from
2 plots. Average endothall residues were 1.34 ppm for sugar beet tops, 0.330 ppm for sugar beet
roots, 0.078 ppm for carrot roots, and 0.080 ppm for potato tubers. The HAFT residues were
1.36 ppm for sugar beet tops, 0.493 ppm for sugar beet roots and 0.088 ppm for both carrot roots
and potato tubers. No residue decline data were provided. No phytotoxicity was reported in any
of the tests.

Following six endothall {(dipotassium salt) applications totaling 4.80-4.88 1b ae/A/season,
endothall residues at 0 DAT were 0.523-1.28 ppm in/on 4 samples of sugar beet tops from 2
plots and 0.115-0.345 ppm in/on 4 samples of sugar beet roots from 2 plots. Average endothall
residues were 0.82] ppm in/on sugar beet tops and 0.224 ppm in/on sugar beet roots, and HAFT
residues in/on sugar beet tops and roots were 1.11 and 0.331 ppm, respectively. Average
endothall residues infon sugar beet tops and roots were 0.6x-0.7x lower for the dipotassium salt
formulation than for the monoalkylamine salt formulation, The lower level of endothall residues
for the dipotassium salt correlated closely with the lower use rate (0.7x) for the dipotassium salt.
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Bulb Vegetables (Group 3).

In one green onion and one dry bulb onion field trial conducted during 2007 in Zones 6 and 10,
respectively, the monoalkylamine salt formulation of endothall (2 1b ae/gal SC/L) was used to
treat the irrigation water at a rate of 5 ppm ae. The treated water was applied to onions during
vegetative development as six broadcast foliar applications using overhead sprinklers, at RTIs of
7-8 days. Based on the concentration of the endothall and the amount of water applied, the
application rates for endothall were equivalent to 1.12-1.13 Ib ae/A/application, for a total of
6.75-6.76 b ae/A/season. Single control and duplicate treated samples of green onions and dry
bulb onions were harvested from the respective tests on the day of the final application (0 DAT).
Endothall residues at 0 DAT were 0.234 and 0.284 ppm in/on 2 samples from one plot of green
onions and <0.05 ppm infon 2 samples from one plot of dry bulb onions. The average residues
were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions. No residue decline data
was provided, and no phytotoxicity was reported on the treated onion crops.

Leafy Vegetables, except Brassica (Group 4).

Two leaf lettuce fteld trials and two head lettuce field trials were conducted in Zones 1 and 10
during 2006-2007. Side-by-side tests were conducted in each field trial using irrigation water
treated with either the monoalkylamine salt of endothall (2 1b ae/gal SC/L) at a concentration of 5
ppm ae, or the dipotassium salt of endothall (3.0 1b ae/gal SC/L) at a concentration of 3.5 ppm ae.
The treated water was applied in each test during vegetative development as six broadcast foliar
applications using overhead sprinklers, at RTIs of 6-8 days. Based on the endothall
concentrations and the amount of water applied, the application rates for the monoalkylamine salt
of endothall were equivalent to 1.12-1.20 b ae/A/application, for a total of 6.73-7.17 1b
ae/A/season. The application rates for the dipotassium salt were equivalent to 0,78-0.84 Ib
ae/A/application, for a total of 4.67-5.07 1b ae/A/season. Single control and duplicate treated
samples of leaf lettuce and head lettuce (with wrapper leaves) were harvested from the respective
tests on the day of the final application (0 DAT).

Following applications of the monoalkylamine salt at level equivalent to 6.73-7.17 1b
ae/Alseason, endothall residues at 0 DAT were 0.410-1.24 ppm infon 4 samples of leaf lettuce
from 2 plots and 0.081-0.604 ppm ir/on 4 samples of head lettuce from 2 plots. Average
endothall residues were 0.714 ppm for leaf lettuce and 0.317 ppm for head lettuce. The HAFT
residues infon leaf and head lettuce were 0.992 and 0.548 ppm, respectively. No phytotoxicity
was reporied on the treated lettuce.

Following six applications of the dipotassium salt at levels equivalent to 4.67-5.07 1b
ae/A/season, endothall residues at 0 DAT were 0.241-1.01 ppm infon 4 samples of leaf lettuce
from 2 plots and <0.05-0.582 ppm in/on 4 samples of head lettuce from 2 plots. Average
endothall residues were 0.523 ppm in/on leaf lettuce and 0.288 ppm in/on head lettuce, and
HAFT residues infon leaf and head lettuce were 0.798 and 0.509 ppm, respectively, Average
endothall residues were lower (0.7x-0.9x) for the dipotassium salt than the monoalkylamine salt,
which is comparable to the lower use rate for the dipotassium salt (0.7x).

Brassica Vegetables (Group 5).
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In two cabbage field trials conducted during 2006 in Zone 1, the monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/1) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to cabbage during vegetative development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 6-9 days. Based on the
concentration of the endothall and the actual amount of water applied, the application rates for
endothall were equivalent to 0.94 or 1.17 b ae/A/application, for a total of 5.64 or 7.00 1b
ae/A/season. Single control and duplicate treated samples of cabbages (with wrapper leaves)
were harvested from each test on the day of the final application (0 DAT). Endothall residues at
0 DAT were <0.05-0.075 ppm infon 4 samples of cabbage from 2 plots. The average residues
were 0.062 ppm and the HAFT residues were 0.063 ppm. No residue decline data were
provided, and no phytotoxicity was noted on the treated cabbage.

Legume Vegetables (Group 6).

A total of 10 tests were conducted on legume vegetables in Zones 1, 4, 5, 10 and 12 during 2006-
2007, including 2 tests on succulent podded beans, 2 tests on dry beans, 2 tests on succulent
podded peas, and 4 tests on soybeans. In each test, a monoalkylamine salt formulation of
endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5 ppm ae. The
treated water was applied during flowering through pod and seed development as broadcast foliar
applications using overhead sprinklers, at RTls of 6-9 days. A total of six applications were
made in each test, except in one of the succulent bean tests, which used eight applications. Based
on the concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.12-1.13 Ib ae/A/application, for a total of 6.74-6.77 1b ae/A for the
six applications or 9.02 1b ai/A for the eight applications. Single control and duplicate treated
samples of legume pods with seeds were harvested from the succulent bean and pea field trials
and samples of dried seeds were harvested from the dry bean and soybean field trials.

Endothall residues were 0.291-0.521 ppm in/on 4 samples of succulent podded beans from 2
plots, 0.522-1.00 ppm in/on 4 samples of succulent podded peas from 2 plots, 0.070-0.134 ppm
infon 4 samples of dried beans from 2 plots, and <0.05-0.072 ppm in/on 8 samples of soybeans
from 4 plots harvested at 0-1 DAT. Average endothall residues were 0.388 ppm for succulent
podded beans, 0.734 ppm for succulent podded peas, 0.109 ppm for dry beans, and 0.055 ppm
for soybeans. The HAFT residues were 0.468 ppm for succulent podded beans, 0.939 ppm for
succulent podded peas, 0.116 ppm for dry beans, and 0.070 ppm for soybeans, No residue
decline data was provided. Phytotoxicity was reported on plants at two field site, and consisted
of chlorosis and necrosis of leaves.

Fruiting Vegetables, except cucurbits (Group 8).

In two tomato field trials conducted during 2006 in Zones 3 and 10, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to tomatoes during flowering and fruit development as
six broadcast foliar applications using overhead sprinklers, at RTIs of 6-8 days. Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.12-1.13 1b ae/A/application, for a total of 6.74-6.77 1b
ae/Afseason. Single control and duplicate treated samples of tomatoes were harvested from each
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test on the day of the final application (0 DAT). Endothall residues at 0 DAT were <0.05 ppm
in/on 4 samples of tomatoes from 2 plots. No residue decline data were provided, and no
phytotoxicity was reported on the treated tomato crops.

Cucurbit Vegetables (Group 9).

Two cucumber field trials were conducted in Zones 1 and 5 during 2006-2007. In each trial,
side-by-side tests were conducted using irrigation water treated with either the monoalkylamine
salt of endothall (2 Ib ae/gal SC/L) at a concentration of 5 ppm ae, or the dipotassium salt of
endothall (3 1b ac/gal SC/L) at a concentration of 3.5 ppm ae. The treated water was applied in
each test during flowering and fruit development as six broadcast foliar applications using
overhead sprinklers, at RTIs of 6-8 days. Based on the endothall concentration and the amount
of water applied, the application rate for the monoalkylamine salt of endothall was equivalent to
1.13 1b ae/A/application, for a total of 6.75-6.77 1b ae/A/season. The application rate for the
dipotassium salt was equivalent to 0.80 Ib ae/A/application, for a total of 4.80-4.81 Ib
ae/A/season. Single control and duplicate treated samples of cucumber were harvested from each
test on the day of the final application (0 DAT).

Endothall residues were 0.234-0.738 ppm in/on 4 cucumber samples from 2 plots harvested at 0
DAT following irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and
were 0.310-0.459 ppm infon 4 cucumber samples from 2 plots harvested at 0 DAT following six
irrigation applications of the dipotassium salt of endothall at 3.5 ppm. Average endothall
residues in/on cucumbers were 0.499 and 0.522 ppm for the monoalkylamine and dipotassium
salt formulations, respectively. The HAFT residues were 0.738 and 0.433 ppm for the
monoalkylamine and dipotassium salt formulations, respectively. Average endothall residues
were lower (0.8x) for the dipotassium salt than the monoalkylamine salt, which was comparable
to the lower use rate for the dipotassium salt (0.7x).

Phytotoxicity was reported in one of the tests, and consisted of the loss of older leaves, stunting
of growing tips, cupping of young leaves, chlorosis, and cessation of flowering. However, fruit
set and growth were not effected.

Citrus Fruits (Group 10).

In two orange field trials conducted during 2006 in Zones 3 and 10, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to the orange trees during fruit development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 5-8 days. Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.10-1.13 1b ae/A/application, for a total of 6.63-6.78 1b
ae/A/season. Single control and duplicate treated samples of oranges were harvested from each
test on the day of the final application (0 DAT). Endothall residues were <LLMYV in/on 4 orange
samples from 2 plots at 0 DAT, with residues above the LOD on all four samples at 0.021-0.028
ppm. The average and HAFT residues were 0.024 ppm and 0.026 ppm, respectively, infon
oranges. No phytotoxicity was reported on the treated trees.

Pome Fruits (Group 11).
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In two apple fieid trials conducted during 2006 in Zones | and 11, a monoaikylamine salt
formulation of endothall (2 b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to the apple trees during fruit development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 7 days, Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.11-1.13 Ib ae/A/application, for a total of 6.64-6.79 [b
ae/A/season. Single control and duplicate treated samples of apples were harvested from each
test on the day of the final application (0 DAT). Endothall residues at 0 DAT were <LLMV
infon 4 samples of apples from 2 plots, but were greater than the LOD, at 0.031-0.047 ppm, in 3
of the 4 samples. The average and HAFT residues were 0.041 ppm and 0.043 in/on apples.
Phytotoxicity was noted on the treated trees (necrotic spots on leaves), but no damage was noted
on the fruits.

Stone Fruits (Group 12).

Two peach field trials were conducted in Zones 2 and 10 during 2007. In each trial, side-by-side
tests were conducted using irrigation water treated with either the monoalkylamine salt of
endothall (2 Ib ae/gal SC/L) at a concentration of 5 ppm ae, or the dipotassium salt of endothall
(3 b ae/gal SC/L) at a concentration of 3.5 ppm ae. The treated water was applied in each test
during fruit development as six broadcast foliar applications using overhead sprinklers, at RTls
of 6-8 days. Based on the endothall concentration and the amount of water applied, the
application rate for the monoalkylamine salt of endothall was equivalent to 1.13-1.25 Ib
ae/A/application, for a total of 6.78-7.08 Ib ae/A/season. The application rate for the dipotassium
salt was equivalent to 0.79-0.91 1b ae/A/application, for a total of 4.82-5,05 [b ae/A/season.
Single control and duplicate treated samples of peaches were harvested from each test on the day

of the final application (0 DAT).

Endothall residues at 0 DAT in/on peaches were <0.05-0.160 ppm in/on 4 samples from 2 plots
treated with the monoalkylamine salt and <0.05-0.136 ppm in/on the 4 samples from 2 plots
treated with dipotassium salt. Average endothall residues in/on peaches were 0.098 and 0.086
ppm for the monoalkylamine and dipotassium salt formulations, respectively. The HAFT
residues were 0.152 and 0.127 ppm for the monoalkylamine and dipotassium salt formulations,
respectively. Average endothall residues were lower (0.9x) for the dipotassium salt than the
monoalkylamine salt, which is comparable to the [ower use rate for the dipotassium salt (0.7x).
Phytotoxicity was reported on the treated peach trees.

Berries (Group 13).

In one blueberry and one blackberry field trial conducted during 2007 in Zones 5 and 11,
respectively, a monoalkylamine salt formulation of endothall (2 Ib ae/gal SC/L) was used to treat
the irrigation water at a rate of 5 ppm ae. The treated water was applied to the berry crops during
fruit development and maturation as six broadcast foliar applications using overhead sprinklers,
at RTls of 6-8 days. Based on the concentration of the endothall and the amount of water
applied, the application rates for endothall were equivalent to 1.12-1.13 [b ae/A/application, for a
total of 6.73-6.77 Ib ae/A/season. Single control and duplicate treated samples of blueberries and
blackberries were harvested from the respective tests on the day of the final application (0 DAT).
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Endothall residues at 0 DAT were 0.158 and 0.197 ppm in/on 2 samples of blueberry from 1 plot
and 0.311 and 0.346 ppm in/on 2 samples of blackberry from 1 plot. The average residues were

0.177 and 0.328 ppm for blueberries and blackberries, respectively. No residue decline data was
provided, and no phytotoxicity was reported on the treated crops.

Grapes.

In three grape field trials conducted in Zones 1, 10 and 11 during 2006 and 2007, a
monoalkylamine salt of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a
rate of 5 ppm ae. The treated water was then applied using overhead sprinklers to the grapes as
six broadcast foliar applications during fruit development at RTIs of 6-8 days. Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.11-1.13 lb ae/A/application, for a total of 6.64-6,76 Ib
ae/A/season. Single control and duplicate treated samples of grapes were harvested on the day of
the final application (0 DAT). Endothall residues in/on grapes harvested at 0 DAT were 0.376-
0.696 ppm. The average residues were 0.522 ppm and the HAFT residues were 0.642 ppm. No
residue decline data was provided. At two of the three field sites, phytotoxicity was noted
beginning with the second application and increased in severity with subsequent applications.
The leaves initially showed signs of chlorosis and browning, with leaf necrosis occurring at later
applications.

Tree Nuts (Group 14).

In a pecan and almond field trial conducted during 2006-2007 in Zones 2 and 10, respectively, a
monoalkylamine salt formulation of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation
water at a rate of 5 ppm ae, The treated water was applied to the tree nut crops during nut
development and maturation as six broadcast foliar applications using overhead sprinklers, at
RTIs of 7-8 days. Based on the concentration of the endothall and the amount of water applied,
the application rates for endothall were equivalent to 1.13-1.17 ib ae/A/application, for a total of
6.80-7.01 lb ae/A/season. Single control and duplicate treated samples of pecan and almond
nutmeats and almond hulls were harvested from the respective tests on the day of the final
application (0 DAT). No phytotoxicity was reported on the treated nut crops.

Endothall residues at 0 DAT were <LOQ in/on two samples each from 1 plot each of pecan and
almond nutmeats. However, residues were detectable at 0.024 ppm in one of the pecan nutmeat
samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples. Residues in/on the two
almond hull samples were 6.91 and 8.20 ppm. Average endothall residues and the HAFT
residues were both 0.05 ppm for nutmeats and 7.56 ppm for almond hulls.

Cereal Grains (Except Rice).

A total of 13 field trials were conducted during 2006 and 2007 in Zones 1, 2,5, 6, 7, and 11,
including two trials on sweet corn, four trials on field corn, three trials on sorghum, and four
trials on wheat (3 winter wheat and 1 spring wheat). In each test, the monoalkylamine salt
formulation of endothall (2 Ib ae/gal SC/L) was vsed to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to each crop during seed head formation and
development as six broadcast foliar applications using overhead sprinklers, at RTIs of 6-9 days.
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Based on the concentration of the endothall in the irrigation water and the amount of water
applied, the overall application rates for endothall were equivalent to 1.10-1.25 Ib
ae/A/application, for a total of 6.58-7.10 b ae/A/season. Because samples of field corn forage,
sorghum forage, and wheat forage and hay were harvested after only 2 or 3 applications, the total
application rates for these commodities was 2.19-3.39 1b ae/A.

Duplicate control and treated samples of each commodity were harvested from the respective
tests. Samples of field corn forage, sorghum forage and wheat forage and hay were harvested 0
days after the second or third application (O DAT). Samples of sweet com forage, kennels plus
cob with husks removed (K+CWHR) and stover, field corn grain and stover, sorghum grain and
stover, and wheat grain and straw were harvested following the sixth application at 0 DAT (or at
I DAT 1n one wheat test).

In the sweet corn field trials, endothall residues at 0 DAT were <0.05-0.17 ppm in/on 4 samples
of K+CWHR, 0.52-1.28 ppm in/on 4 samples of forage without ears, 0.40-1.06 ppm infon 4
samples of forage with ears, and 0.58-5.06 ppm in/on 4 samples of stover with ears. Average
endothall residues were 0.11 ppm for K+CWHR, 0.91 ppm for forage without ears, 0.71 ppm for
forage with ears, and 2.76 ppm for stover with ears. The HAFT residues were 0.17 ppm in/on
K+CWHR, 1.23 ppm in/on forage without ears, 0.97 ppm in/on forage with ears, and 4.88 ppm
in/on stover with ears.

In the field com field trials, endothall residues at 0 DAT were (.21-0.42 ppm in/on 8 samples of
forage harvested after only 2 or 3 applications (2.26-3.38 1b ae/A). Following all six applications
(6.75-7.10 1b ae/A), endothall residues at 0 DAT were <0.05 ppm in/on 8 samples of grain and
1.07-3.48 ppm in/on 8 samples of stover from 4 plots each. Average endothall residues were
0.33 ppm for forage, <0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were
0.385 ppm in/on forage, <0.05 ppm in/on grain, and 3.19 ppm in/on stover.

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm in/on 6 samples of
forage harvested from 3 plots after only 2 or 3 applications (2.26-3.38 1b ae/A). Following all six
applications (6.77 1b ae/A), endothall residues at 3 DAT were 0.49-1.41 ppm in/on 6 samples of
grain and 0.81-7.19 ppm in/on 6 samples of stover. Average endothall residues were 1.26 ppm
for forage, 1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2.67 ppm
in/on forage, 1.21 ppm in/on grain, and 4.90 ppm in/on stover.

In the wheat field trials, endothall residues at 0 DAT were 0.63-2.27 ppm in/on 8 samples of
forage and 1.00-3.09 ppm in/on 8 samples of hay harvested from 4 plots after only 2 or 3
applications (2.19-3.39 1b ae/A). Following all six applications (6.58-6.77 Ib ae/A), endothall
residues at 0 or 1 DAT were 0.20-2.01 ppm in/on 8 samples of grain and 0.61-2.76 ppm infon 8
samples of straw from 4 plots each. Average endothall residues were 1.15 ppm for forage, 1.94
ppm for hay, 0.71 ppm for grain, and 1.83 ppm for straw. The HAFT residues were 2.13 ppm
in/on forage, 3.09 ppm in/on hay, 1.91 ppm in/on grain, and 2.74 ppm in/on straw. Residue
decline data were not provided in any field trials, and no phytotoxicity was reported for any of
the treated cereal grain crops.

Riee,
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In four rice field trials conducted during 2007 in Zones 4, 6 and 10, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to the rice during grain development and maturation as
six broadcast foliar applications using overhead sprinklers, at RTIs of 6-8 days. Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.13 b ae/A/application, for a total of 6.75-6.77 b ae/A/season.
Single control and duplicate treated samples of rice grain and straw were harvested from each
test on the day of the final application or one day later (0-1 DAT). Endothall residues were 0.69-
1.22 ppm in/on 4 samples of rice grain and 0.94-2.6]1 ppm in/on 4 samples of rice straw
harvested from 2 plots each at 0-1 DAT. Average endothall residues were 1.01 ppm for grain
and 1.90 ppm for straw, and the HAFT residues were 1.18 ppm for grain and 2.60 ppm for straw.
No residue decline data was provided, and no phytotoxicity was reported on the treated rice.

Grass forage and hay (Group 17).

A total of six grass field trials were conducted in Zones 4, 6, 11 and 12 during 2006 and 2007,
including 2 field trials each on bluegrass, Bermuda grass, and fescue grass. In each test, the
monoalkylamine salt formulation of endothall (2 b ae/gal SC/L) was used to treat the irrigation
water at a rate of 5 ppm ae. The treated water was applied to the grass during vegetative
development as six broadcast foliar applications using overhead sprinklers, at RTIs of 6-10 days.
Based on the concentration of the endothall in the rrigation water and the amount of water
applied, the application rates for endothall were equivalent to 1.11-1.17 1b ae/A/application, for a
total of 6.64-7.02 Ib ae/A/season. Duplicate control and treated samples of grass forage and hay
were harvested on either the day of the final application (0 DAT) in the fescue tests, at | DAT in
the Bermuda grass tests, or at [-2 DAT in the bluegrass tests. The forage samples were collected
immediately after harvest, and the hay samples were field-dried for 2-6 days prior to collection.

Endothall residues were 1.70-2.86 ppm in/on 12 forage samples and 5.34-14.2 ppm in/on 12 hay
samples harvested from 6 plots each at 0-2 DAT. Average endothall residues were 2.21 ppm for
forage and 8.77 ppm for hay, and the HAFT residues were 2.73 ppm for forage and 13.65 ppm
for hay. No residue decline data were provided. Phytotoxicity was reported on the treated
bluegrass at one field site, and consisted of stunting and slight chlorosis

Nongrass Animal Feeds (Forage, Fodder and Hay) (Group 18).

In two alfalfa field trials conducted during 2007 in Zones 5 and 7, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to the alfalfa during vegetative development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 6-8 days. Based on the
concentration of the endothall in the irrigation water and the amount of water applied, the
application rates for endothall were equivalent to 0.99-1.10 Ib ae/A/application, for a total of
5.94-6.58 Ib ae/A/season. Duplicate control and treated samples of alfalfa forage and hay were
harvested from each test on the day of the final application (0 DAT), and the hay samples were
field-dried for 1-5 days prior to collection.

Endothall residues were 1.41-2.24 ppm in/on 4 forage samples and 3.09-5.31 ppm in/on 4 hay
samples harvested from 2 plots at 0 DAT. Average endothall residues were 1.95 ppm for forage
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and 5.07 ppm for hay, and the HAFT residues were 2.12 ppm for forage and 5.20 ppm for hay.
No residue decline data were provided. No phytotoxicity on the treated alfalfa was reported at

either test site,

Mint,

In two mint field trials conducted during 2006 and 2007 in Zones 5 and 11, a monoalkylamine
salt formulation of endothall (2 b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was applied to the mint during vegetative development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 6-7 days. Based on the
concentration of the endothall and the amount of water applied, the application rates for
endothall were equivalent to 1.11-1.13 Ib ae/A/application, for a total of 6.64-6.77 1b
ae/A/season. Single control and duplicate treated samples of mint tops were harvested from each
test on the day of the final application (0 DAT). Endothall residues were 1.31-2.89 ppm in/on 4
samples of mint tops harvested from 2 plots at 0 DAT. Average endothall residues were 2.14
ppm, and the HAFT residues were 2.80 ppm. No residue decline data was provided. At one of
the field sites, the treated mint exhibited signs of phytotoxicity, which consisted of reduced
development and stunting of the crop.

Conclusions. Issues pertaining to residues in potable water and fish have been resolved and are
discussed in the Residue Chemistry Chapter of the Endothall RED (DP# D321179, D. Soderberg,
8/30/2005).

The submitted field trial data on irrigated crops were conducted according the previously
submitted protocol. Two to four field trials were conducted for each representative crop in the
major growing regions for the respective crops. With only a couple of exceptions, sample of
regulated commodities were harvested at 0 DAT from each field trial. Samples were analyzed
for residues of endothall using an adequate LC/MS/MS method, and the sample storage durations
and conditions are supported by the available storage stability data.

The submitted data are generally adequate for assessing inadvertent residues of endothall on
irrigated crops. In addition, the residues determined in the 0 DAT samples will represent an
over-estimate of residues for many of the crops tested, because, because application is at the
maximum rate, is all applied by overhead irrigation, and irrigation on the day of harvest would
be highly unlikely to occur due to commercial harvesting procedures, Crops and commodities
which would be unlikely to be irrigated prior to harvest include: sugar beets, carrots, potatoes,
dry bulb onions, dried peas and beans, soybeans, tree nuts, field corn grain and stover, sorghum
grain and stover, wheat grain and straw, and rice grain and straw.

In addition, HED notes that phytotoxicity was reported on a number of the crops tested, including
legume vegetables, cucumbers, apple trees, peach trees, grape vines, mint and grass. The
phytotoxicity generally appeared beginning after the second application and consisted of leaf
chlorosis and necrosis, with some crops also having reduced growth and stunting. The
occurrence of phytotoxicity on a wide range of crops suggests that repeated trrigation with water
containing high levels (5 ppm) endothall is unlikely to occur under normal agricultural condition.
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Although the submitted data are deemed adequate for assessing tolerances for inadverient
residues on irrigated crops, the following deficiencies were noted in the submitted field trial data.

The bridging studies comparing the use of the monoalkylamine and dipotassium salts of
endothall were of limited use as the two formulations were applied at different rates. In
terms of acid equivalents, the monoalkylamine salt was applied at a concentration of 5
ppm and the dipotassium salt was applied at a concentration of 3.5 ppm, which is the
maximum allowed use rate of the dipotassium salt (0.7x rate for the monoalkylamine
salt). For each of the crops tested with both salt formulations, endothall residues were
0.6-0.9x lower for the dipotassium salt than for the monoalkylamine salt, which is
consistent with the lower use rate for the dipotassium salt. Although the bridging studies
do not allow for direct comparison of the two salts, the data do indicate that endothall
residues resulting from application of the dipotassium salt to irrigation canals will be
lower than from the monoalkylamine salt, when both are applied according to current
labe] directions.

Spinach should have been used as the representative leafy vegetable crop, as foliar
applications generally result in higher residues on spinach than on lettuce (leaf and head)

or celery.

Mustard greens should have been used as the representative Brassica vegetable crop, as
foliar applications generally result in higher residues on mustard greens than on broceoli,
cauliflower or cabbage.

Field comn forage, sorghum forage and wheat forage and hay only received 2-3
applications prior to harvest. For these crops, separate plots should have been established
for collection of forage and hay samples so that all six applications could have made prior
to harvest of forage and hay.

No field trials were conducted on an oil seed crop such as, canola, flax, safflower, or
sunflower. '

No field trials were conducted on peanuts, which is a major field crop.

The levels of inadvertent residues for endothall supported by the available field trial data are
listed in Table 10 and discussed below in the Proposed Tolerances Section.

860.1460 Food Handling

There are no registered uses that are relevant to this guideline topic.

860.1480 Meat, Milk, Poultry, and Eggs

DP# 321179, D. Soderberg, 8/30/2005

No cattle or poultry feeding studies are currently available for endothall, and the Endothall RED
noted that these studies are required. Because [R-4 is proposing tolerances on a wide variety of
livestock feedstuffs, the dietary burdens of livestock for endothall residues were recalculated for
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this petition based on the maximum reasonably balanced diets (MRBD). Using the proposed and
recommended tolerances and the recent changes in calculating residues in MRBDs (Revisions of
Table 1 Feedstuffs, June 2008), the MRBDs for livestock to endothall residues were calculated to
be 8.97 ppm for beef cattle, 7.65 ppm for dairy cattle, 3.30 ppm for poultry and 3.58 ppm for
swine (Table 6) based upon residues in the feeds.

In addition to the dietary exposure of livestock through the consumption of feedstuffs, the
Endothall RED noted that livestock may also be exposed to endothall residues through the
consumption of endothall-treated water. For purposes of setting tolerances it must be considered
that livestock may be exposed to water at the maximum labeled value of 5 ppm. The potential
contribution of endothall residues in water to the dietary exposure of livestock was calculated
following the procedures described in PP#1F3991/1F3935 (G. Okatie, 9/4/92), based on the
concentration of endothall in the drinking water, the daily water consumption, and the daily feed
intake. The estimated values for daily water consumption and food intake (dry wt. basis) are
presented in Table 7, along with the calculated contribution of the treated water to the dietary
burden. When expressed on the basis of the dry feed intake, the contribution of endothall-treated
water to the dietary burden would be 19.2 ppm for beef cattle, 45.4 ppm for dairy cattle, 13.5
ppm for poultry, and 16.1 ppm for swine. When combined with the exposure to endothall
residues in feedstuffs, the total dietary exposure of livestock to endothall residues would be 27.7
ppm for beef catile, 35.8 ppm for dairy cattle, 16.8 ppm for poultry, and 19.7 ppm for swine (as
shown in Table 8.

Using the TRR estimated in the relevant livestock tissues after dosing in the metabolism it is
possible to make some estimate of the maximum residues expected in the livestock tissues. In
this way, residues in the tissues are estimated as shown in Table 9. However, given the levels of
dietary exposure of livestock to endothall residues in both their feedstuffs and drinking water,
cattle and poultry feeding studies are required and registration must be contingent upon
submission of these studies.

Tabie 6, Calculation of Dietary Burdens of Endothall Residues in Livestock.

Feedstuff Type' ;ffaggz % Diet? Tif:fﬂe(‘fpﬁ) D“"ta"y(fp"m“;?b““"“
Beef Cattle R: 15%; CC: 80%; PC: 5%

Grass, hay R 88 15 18 3.07
Grain, aspirated fractions CcC 85 5 35 2,06
Wheat, milled byproducts cC 88 40 5.0 2.28
Grain, cereal, group 15 cC 38 30 4.0 1.37
Sugar, beet, molasses cC 75 5 1.5 0.1
Soybean, meal PC 92 5 0.2° 0.01
TOTAL BURDEN 100 8.0
Dairy Cattle R: 45%; CC: 45%; PC: 10%
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Table 6. Calculation of Dietary Burdens of Endothall Residues in Livestock.

Feedstuff Type' ;?alt:l)gz % Diet’ Ti?:;ﬂe&?ri) Dletaly(;:p(;;l;i;lbutlon
Grass, hay R 88 20 18 4.09
Almond, hulls R 990 5 15 0.83
Animal feed, Nongrass, R 35 20 40 2.29
group 18, forage

Wheat, milled byproducts CC 88 30 5.0 1,70
Grain, cereal, group 15 cC 88 10 40 0.46
Sugar, beet, molasses cC 75 5 1.5 0.
Soybean, meal PC 92 10 0.2 0.02
TOTAL BURDEN 104 9.5
Poultry CC: 78%; PC: 25%

Grain, cereal, group 15 cC 88 75 4.0 3.0
Alfalfa , meal, (Animal feed, PC 89 5 19.9 0.5
Nongrass, group 18, hay)

Soybean, meal PC 92 20 0.2 0.04
TOTAL BURDEN - -- 160 - 3.6
Swine CC: 85 %; PC: 15%

Grain, cereal, group 15 cC 88 85 4.0 3.4
Alfalfa , meal, (Animal feed, PC 89 5 10.0 0.5
Nongrass, group 18, hay)

Soybean, meal PC 92 10 0.2¢ 0.02
TOTAL BURDEN - - 100 - 4.0

R: Roughage; CC: Carbohydrate concentrate; PC: Protein concentrate.

2 OPPTS 860.1000 Table | Feedstuffs (June 2008).

3 Contribution = ({tolerance /% DM] X % diet) for beef and dairy cattle; contribution = {[tolerance] X % diet) for
poultry and swine.

*The tolerance for soybean seeds was used for soybean meal,

Table 7. Calculation of Dietary Burdens of Endothall Residues to Livestock from Consumption of
Treated Water.
Endothall Water . . _—

Feedstuff concentration in consumption ?Eeddcozﬁlzgtlo? Df:etaz?;ctgrmbunozn

water (ppm) {ig/day) g dry wt./day) om water (ppm)
Beef cattle (feedlot cattle) 5.0 35 9.1 19.2
Dairy cattle (lactating cows) 5.0 218 24 45.4
Pouliry (laying hens) 5.0 0.14 0.052 13.5
Swine (finishing hogs) 5.0 10 3.1 16.1

Feed consumption from ChemSAC Memo, 6/30/2008.
2 Contribution = {(endothall concentration X water consumption/day) + feed consumption/day.
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Table 8. Calculatien of Total (iFeed Plas Water) Dietary Burdens of Endothall
Residues to Livestock
Feedstuff Feed Water Total
Reef cattle (feedlot cattle) 8.9 192 28.1
Dairy cattle (lactating cows) 8.5 45.4 54.9
Poultry (laying hens) 36 [3.5 17.1
Swine (finishing hogs) 4.0 16.1 20.1

Table 9. Calculation of estimated Residues in Livestock Tissues Based upon the
TRR in the Metabolism Studies,

Residues of Endothall in Dairy Cattle Tissues Based upon the Goat Metabolism Study

Tissue Tolal Radioactive Residues (ppm) Anticipated Residues (ppm) afier Feeding at
after Feeding at 12.0 ppm 54.9 ppm

Milk. 0.006 0028

Kidney 0.046 0.21

Liver 0.020 0.092

Muscle 0.005 0023

Fat 0.002 0.009

Metabolism Study

Residues of Endothall in Beef Cattle Tissues, Sheep, Goats Based upon the Goat

Tissue Total Radioactive Residuss (ppm) Anticipated Residues (ppm) after Feeding at
after Feeding at 12.0 ppm 281

Kidney 0.046 0.108

Liver 0.020 0.047

Muscle 0.005 0.012

Fat 0.002 0.005

Residues of Endothall in Swine Tissues Based upon the Goat Metabolism Study

Tissue

Kidney

Liver
Muscle

Fat

Total Radicactive Residues (ppm)
after Feeding at 12.0 ppm

0.046

0.020

0.005

0.002

Anticipated Residues (ppm) afier Feeding at
20.1 ppm

0.077

0.034

0.008

0.003

Residues of Endothall in Poultry Tissues Based upon the Chicken Metabolism Study

33 0f 59

33



Endothall Summary of Analytical Chemistry and Residue Bata DP#: 356313

Table 9. Calculation of estimated Residues in Livestock Tissues Based upon the
TRR in the Metabolism Studies.
Tissue Total Radioactive Residues (ppar) Anticipated Residues (ppm) after feeding at
after feeding at 9.7 ppm 17.1 ppm

Eggs 0,024 0.042

Yolk 0.024 0.042

White 0.002 0.004

. 0.16
Kidney and Other Meat 0.088
Byproducts

7

Eiver 0.021 0.03
Muscle 0.008 0.014
Fat 0.007 0.012

860.15300 Crop Field Trials

No new direct uses on crops are being proposed in the current petition; therefore, data
requirements for crop field trials are not relevant to this petition. In addition, because of the high
application rates the current data are expected to yield higher residues than would occur in crops
rotated after a terrestrial use. Thus, these tolerances preempt the need for additional rotational
crop studies.

860.1520 Processed Food and Feed

DP# B321179, D. Soderberg, §/30/2005
4752070 1.de2.doc  (Sugar beet) 47520705.de2.doc  (Soybean)

47520706.de2.doc  (Tomato) 47520708.de2.doc  (Orange)
47520709.de2 doc  (Apple) 47520713.de2doc  (Field corn, sorghum and wheat)
47520716.de2.doc  (Grape) 47520717.de2.doc  (Mint)

47520718.de2.doc  (Rice)

Adequate cotton and potato processing studies are available supporting the direct use of endothall
on these two crops as a defoliate/desiccant (DP# D321179, D. Soderberg, 8/30/2005). In the
acceptable cotton processing study, cotton plants were treated with endothall as two broadcast
foliar applications at rates totaling 3.2 1b ae/A (25-32x rate), with the second application being
made 3 days prior to harvest. Endothall residues were 1.49 ppm in/on the undelinted cottonseed
(RAC), which was then processed info hulls, meal and crude and refined oils. Endothall residues
did not concentrate in hulls (0.36x), meal {0.22x), or refined oil (0.03x).

In the acceptable potato processing study, mature potato plants were treated with endothall (2 Ib
ae/gal) as two broadeast foliar applications at 5.0 Ib ae/A, at RTI of 5 days, for a total of 10 1b
ae/A (10x rate). Mature tubers harvested 7 days after the second application and processed into
flakes, chips and wet peel. Endothall residues were 0.084 ppm in/on mature tubers, 0.088 ppm in
flakes, 0.045 ppm in chips and 0.024 ppm in wet peel. These data indicate that endothall
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residues concentrated only slightly in flakes (1.04x) and were reduced in chips (0.54x) and wet
peel (0.28x) fractions.

In support of the current petition for use of endothall-treated water on irrigated crops, IR-4 has
submitted processing studies on apples, grapes, field corn, mint, oranges, rice, soybeans,
sorghum, sugar beets, tomatoes and wheat. In each of these processing studies, endothall
residues were determined using an adequate LC/MS/MS method (Method No. KP-242R1),
which is described in the above Residue Analytical Methods Section. The method was validated
in conjunction with each processing study, and the validated LOQ for endothall is 0.05 ppm in
each RAC and processed fraction. Although endothall residues were reported to be <LOQ in/on
several RACs and related processed fractions, review of the raw data indicated that endothall
residues infon these fractions were often just below the validated 1.OQ and were well above the
estimated LODs. Therefore, when endothall residues were <LOQ in/on the RAC sample, residue
values >LOD were used to calculated processing factors whenever possible.

The sample storage conditions and durations for the various RACs and processed fractions from
each of the studies are supported by the available storage stability data. The details for each of
the submitted processing studies are discussed below, and the resulting processing factors from
each study are summarized in Table 10,

Table 10. Summary of Processing Factors for Endothall from Crops Irrigated with Endothall-treated
water,
RAC Processed Commodity Application Rate PHI Processing Factor
ppm 1b as/A {days)
Apple? Juice 50 £.79 0 1.2x
Wet pomace 2.8%
Field Corn Grits NC?
Meal NC!
Flour ~ 50 6.77 0 NC.
Refined oil (dry milling) NC?
Starch NC*
Refined oil (wet milling) NC!
Grape luice 5.0 6.73 0 L.2x°
Raisins 4.4x
Mint il 5.0 6.64 0 <(.001x
Orange ° Dried pulp . 2.2%
Juice 5.0 6.63 0 0.7x
Oil <0,2x
Rice Hulls 3.9%
Bran 5.0 6.75 l 2.3%
Polished rice 0.07x
Sorghum Flour 5.0 6,77 0 0.7
Soybean ? Hulls 3.9%
Meal 5.0 6.77 0 0.8
Refined oil <0,005x
Sugar beet Diried pulp | 1.1%
Molasses 5.0 6.75 0 2.4%
Refine sugar <3, lx
Tomato * Puree 5.0 6.77 0 2.1x¢
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Table t8.  Summary of Processing Factors for Endothall from Crops Irrigated with Endothail-treated
water,
. Application Rate ! PHI .
RAC Processed Commod; Processing Factor
k4 ppm ib ac/A (days) né
Paste 3.3x°
Wheat Aspirated grain fractions 15%
(AGF}
Gemm 2.6%
Bran ] 5.0 6.71 0 23x
Middlings 0.9x
Flour 0.6x
=1
Shorts 1.4x

The sate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (Ib ae/A) applied.
? Residue values <LLMV but 2LOD were used for calculating processing factors.

! Residues were <LLMV and <L.OD in/on field com grain and each processed fraction. NC = not calculated.

* Residues were below the LLMV (<0.05 ppm) in both fruit and puree samples, but were well above the LOD at 0.002 ppm)
! 1.2x is the Maximum Theorelical Processing Factor for grape juice

Apple. In a field trial conducted in NY (Zone 1)} during 2006, a monoalkylamine salt
formulation of endothall (2.0 1b ae/gal SC/L.) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to the apple trees as six
broadcast foliar applications during fruit development at a RT1 of 7 days. A volume equivalent
to 1 acre inch of water (~27,154 gal/A) was applied for each application, Based on the
concentration of the endothall and the amount of water applied, the application rate for endothall
was equivalent to 1.13 1b ae/A/application, for a total of 6.79 1b ae/A/season. Single bulk control
and treated samples of apples were harvested at normal crop maturity, immediately following the
last irrigation (0 DAT). The fiuit was processed into juice and wet pomace using simulated
commercial procedures.

Although endothall residues were <LOQ (<0.05 ppm) infon whole fruits and juice, residues in
these fractions were still above the estimated LOD (0.0025 ppm). Therefore, residue values
>L0OD were used to calculate the processing factors. Residues of endothall averaged 0.033 ppm
in/on whole fruit (<LOQ) and were (.041 ppm in juice and 0.091 ppm in wet pomace. The
calculated processing factors were 1.2x for juice and 2.8x for wet pomace.

Rased on HAFT residues of 0.039 ppm for apples, the maximum expected residues would be
0.047 ppm in juice and 0.109 ppm in wet pomace. As the recommended tolerance for pome
fruits is 0.05 ppm, a separate tolerance for apple juice is not required, but a tolerance of .15 ppm
is required for wet apple pomace.

Kield corn. In a field trial conducted in IL (Zone 5) during the 2007, a monoalkylamine salt
formulation of endothall (2 b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae, The treated water was then applied using overhead sprinklers to field corn as six
broadcast foliar applications during grain development and maturation at RTIs of 6-8 days. A
volume equivalent to 1 acre inch of water (~27,154 gal/A) was applied for each application.
Based on the concentration of the endothall in the irrigation water and the amount of water
applied, the application rate for endothall was equivalent to 1.12-1.13 Ib ae/A/application, for a
total of 6.77 b ae/A/season. Single bulk control and treated samples of mature corn grain was
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harvested on the day of the last irrigation (0 DAT), and the corn grain was processed into grits,
meal, flour and oil by dry-milling and into starch and oil by wet-milling.

Following applications totaling 6.77 1b ae/A, endothall residues were <0.05 ppm (<L.OQ) in/on
the com grain (RAC) and all its processed fractions. Although processing factors could not be
determined for any processed corn fractions, there was no indication of endothall residues
concentrating in processed corn commodities. Therefore, endothall are unlikely to occur in
processed commodities derived from irrigated field corn.

Grape. In a field trial conducted in NY (Zones 1) during 2006, a monoalkylamine salt
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to the grapes as six
broadcast foliar applications during fruit development at RTIs of 7 days. A total of ~1 acre inch
of water (27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rates for endothall were equivalent to
.12 Ib ae/A/application, for a total of 6.73 1b ae/A/season. Single bulk control and treated
samples of grapes were harvested at normal crop maturity, immediately following the last
irrigation (0 DAT), and the grapes were processed into juice and raisins using simulated
commercial procedures.

Residues of endothall averaged 0.28 ppm in/on whole grapes (RAC) were 1.24 ppm in juice and
1.21 ppm in raisins. Thus, the processing factors calculated from these data for juice and raisins
were 4.3x and 4.4x, respectively. However, the theoretical concentration factors for juice and
raisins are 1.2x and 4.7x, respectively. Although the processing factor for raisins was in line
with the theoretical value, the processing factor for juice was impossibly higher than the
theoretical value, Therefore, the 1.2x factor will be used for assessing the need for grape juice
tolerance (and in the dietary exposure assessment).

Based on HAFT residues of 0.642 ppm for grapes, the maximum expected residues would be
0.77 ppm in juice and 2.8 ppm in raisins. As the recommended tolerance for grapes is 0.9 ppm, a
separate tolerance for grape juice is not required, but a tolerance of 3.0 ppm is required for
raisins.

Mint. In a field trial conducted in WA (Zone 1) during 2006, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to mint as six broadcast
foliar applications during vegetative development at RTIs of 7 days. A volume equivalent to |
acre inch of water (~27,154 gal/A) was applied for each application. Based on the concentration
of the endothall in the irrigation water and the amount of water applied, the application rate for
endothall was equivalent to 1.11 Ib ae/A/application, for a total of 6.64 1b ae/A/season. Single
bulk control and treated samples of mint tops were harvested at normal crop maturity,
immediately following the last irrigation (0 DAT) and were processed into oil using simulated

commercial procedures.

Following six overhead sprinkler applications of endothall to mint at rates totaling 6.64 b ae/A,
residues were 3.96 ppm in mint tops (RAC) and nondetectable (<0.0001 ppm) in mint oil,
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indicating that the processing factor of endothall in mint oil is <0.001x. As residues are reduced
in mint oil, a separate tolerance for mint oil is not required.

Orange. In a field trial conducted in FL. (Zone 3) during 2006, 2 monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
‘'ppm ae. The treated water was then applied using overhead sprinklers to the orange trees as six
broadcast foliar applications during fruit development at RTIs of 5-6 days. A volume equivalent
to I acre inch of water (~27,154 gal/A) was applied for each application. Based on the
concentration of the endothall and the amount of water applied, the application rate for endothall
was equivalent to 1.10 1b ae/A/application, for a total of 6.63 1b ae/A/season, Single bulk control
and treated samples of oranges were harvested at normal crop maturity, immediately following
the last irrigation (0 DAT). The fruit was processed into juice, oil and dried pulp using simulated
commercial procedures.

Although endothall residues were <LOQ (<0.05 ppm) in/on whole orange fruits and in each
processed fraction, residues above the estimated LOD (0.0025 ppm) were detected in each
fraction except oil. Residues were detected at 0.019 ppm infon whole fruit and at 0.014 ppm in
juice, 0.041 ppm in dried pulp. Residues in oil were <I.OD. Based on these residue values the
processing factors were 0.7x for juice, 2.2x for dried pulp, and <0.2x for oil. The theoretical
processing factors for citrus juice and oil are 2x and 1000x, respectively.

Based on HAFT residues of 0.026 ppm for oranges, the maximum expected residues would be
0.057 ppm dried pulp. As the recommended tolerance for citrus fruits is 0.05 ppm, a separate

tolerance of 0.1 ppm is required for dried citrus pulp. Separate tolerances are not required for

citrus juice and oil.

Rice. In a field trial conducted in TX (Zone 6) during 2007, a monoalkylamine salt formulation
of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a rate of 5 ppm ae. The
treated water was then applied using overhead sprinklers to rice as six broadcast foliar
applications during grain development and maturation at RTIs of 6-7 days. A volume equivalent
to 1 acre inch of water (~27,154 gal/A) was applied for each application. Based on the
concentration of the endothall in the irrigation water and the amount of water applied, the
application rate for endothall was equivalent to 1.13 1b ae/A/application, for a total 0f 6.75 Ib
ae/Afseason. Single bulk contro! and treated samples of rice grain were harvested at normal crop
maturity, one day after the last irdgation (I DAT), and processed into hulls, bran and polished
rice using simulated commercial procedures.

Following six sprinkler applications of endothall at rates totaling 6.75 Ib ae/A, residues in whole
grain (RAC) were 0.872 ppm at [ DAT, and the residues in the processed fractions were 0.60
ppm for polished rice, 3.44 ppm for hulls and 2.03 ppm for bran. The resulting processing
factors were 0.07x for polished rice, 3.9x for hulls and 2.3x for bran. The theoretical processing
factors for rice are 5x for hulls and 7.7x for bran.

Based on HAFT residues of 1.18 ppm for rice grain, the maximum expected residues would be
4.6 ppm for hulls and 1.48 ppm for bran. As the recommended tolerance for cereal grains is 3.0
ppm, a separate tolerance for rice bran is not required, but a tolerance of 5.0 ppm is required for

rice hulls.
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Sorghum. In a field trial conducted in K8 (Zone 7) during 2007, a monoalkylamine salt
formulation of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to the sorghum crop as six
broadcast foliar applications during grain development and maturation at RTIs of 6-8 days, A
volume equivalent to I acre inch of water (~27,154 gal/A) was applied for each application.
Based on the concentration of the endothall in the irrigation water and the amount of water
applied, the application rate for endothall was equivalent to 1.12-1.13 lb ae/A/application, for a
total of 6.77 Ib ae/A/season Single bulk control and treated samples of mature sorghum grain
were harvested on the day of the last irrigation (0 DAT), and the grain samples processed into
flour using simulated commercial procedures.

Endothall residues were 1.49 ppm in/on sorghum grain (RAC) and 1.09 ppm in sorghum flour,
indicating that residues were reduced in flour by 0.7x. Therefore, separate tolerance is not
required for sorghum flour.

Seybean. In a field trial conducted in A (Zone 5) during 2007, a monoalkylamine salt
formulation of endothall (2 1b ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to soybeans as six
broadcast foliar applications during seed and pod development at RTIs of 6-8 days. A volume
equivalent to I acre inch of water (~27,154 gal/A) was applied for each application. Based on
the concentration of the endothall in the irrigation water and the amount of water applied, the
application rate for endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.77 Ib
ae/A/season. Single bulk control and treated samples of soybeans were harvested at normal crop
maturity, immediately following the last irrigation (0 DAT). The soybeans were processed into
hulls, meal and refined oil using simulated commercial procedures.

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to soybeans at
rates totaling 6.77 1b ae/A, endothall residues were 0.021 ppm (<LOQ) infon whole seeds, 0.083
ppm in/on hulls, 0.017 ppm in meal, and nondetectable (<0.0001 ppm) in refined oil. The
processing factors were 3.9x for hulls, 0.8x for meal, and <0.005x for oil. The theoretical
processing factors for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil.

Based on HAFT residues of 0.07 ppm for soybeans, the maximum expected residues would be
0.273 ppm for hulls. As the recommended tolerance for soybean seeds is 0.2 ppm, a separate
tolerance of 0.3 ppm is required for soybean hulls.

Sugar beet. In a field trial conducted in CA (Zones 10) during 2007, a monoalkylamine sait
formulation of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to the sugar beets as six
broadcast foliar applications during vegetative development at RTIs of 7-8 days. A volume
equivalent to 1 acre inch of water (~27,154 gal/A) was applied for each application. Based on
the concentration of the endothall and the amount of water applied, the application rate for
endothall was equivalent to 1.13 Ib ae/A/application, for a total of 6.79 1b ae/A/season. Single
bulk control and treated samples of sugar beet roots were harvested at normal crop maturity,
immediately following the last irrigation (0 DAT). The roots were washed and processed into
dried pulp, molasses, and refined sugar using simulated commercial procedures.
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Residues of endothall averaged 0.493 ppm infon whole unwashed roots (RAC) and were 0.554
ppm in dried pulp, 1.203 in molasses, and <0.05 ppm in refined sugar. The processing factors
were 1.1x for dried pulp, 2.4x for molasses, and <0.1x for refined sugar. The theoretical
concentration factor for refined sugar is 12.5x.

Based on HAFT residues of 0.493 ppm for sugar beet roots, the maximum expected residues
would be 0.542 ppm for dried pulp and 1.18 ppm in molasses. As the recommended tolerance
for root and tuber vegetables is 1.0 ppm, a separate tolerance is not required for dried pulp, but a
tolerance of 1.2 ppm is required for sugar beet molasses.

Tomato. In a field trial conducted in FL (Zone 3) during 2006, a monoalkylamine salt
formulation of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to tomatoes as six
broadcast foliar applications during fruit development at RTIs of 8 days. A volume equivalent to
1 acre inch of water (~27,154 gal/A) was applied for each application. Based on the
concentration of the endothall in the Irrigation water and the actual amount of water applied, the
application rate for endothall was equivalentto 1.13 lb ae/A/application, for a total 0f 6.77 1b
ae/A/season. Single bulk control and treated samples of tomatoes were harvested at normal crop
maturity, immediately following the last irrigation (0 DAT). The tomatoes were processed into
puree and paste using simulated commercial procedures.

Residues of endothall were formally reported to be <0.05 ppm in/on whole fruits and puree and
0.069 ppm in tomato paste. However, page 81 of the report indicated that detectable residues
{(>0.002 ppm) were present in whole fruit at 0.021 ppm, 0.044 ppm in the puree, and 0.069 in the
paste. Since the residues in the puree seemed no less likely to be reasonable estimates than those
on the raw fruit or in the puree (all are below the LLMV, but above the LOD. We have used
these numbers to estimate factors of 2.1x for puree and 3.3x for the paste. These numbers make
reasonable sense when compared to the mass balance calculations. EPA’s published theoretical
processing factors for tomato puree and paste are 1.4 and 5.5x, respectively.

Both processing factors lead to values above the recommended tolerance. Therefore, a separate
tolerance of 0.1 ppm is required for both tomato puree and tomato paste.

Wheat. In a field trial conducted in TX (Zone 6) during 2007, a monoalkylamine salt
formulation of endothall (2 Ib ae/gal SC/L) was used to treat the irrigation water at a rate of 5
ppm ae. The treated water was then applied using overhead sprinklers to the wheat crop as six
broadcast foliar applications during grain development and maturation at RTIs of 6-8 days, A
volume equivalent to 1 acre inch of water (~27,154 gal/A) was applied for each application.
Based on the concentration of the endothall in the irrigation water and the amount of water
applied, the application rate for endothall was equivalent to 1.12-1.13 1b ae/A/application, for a
total of 6.71 1b ae/A/season. Single bulk control and treated samples of mature wheat grain were
harvested at normal maturity, on the day of the last irrigation (0 DAT). The wheat grain was
initially cleaned to generate AGF and was then milled using simulated commercial procedures
into germ, bran, middlings, shorts and flour.
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Endothall residues were 1.34 ppm in/on the bulk sample of wheat grain and 20.3 ppm in/on the
composited AGF sample, for a concentration factor of 15x for wheat AGF. Following
processing, endothall residues were 3.44 ppm in germ, 3.10 ppm in bran, 1.14 ppm in middlings,
0.75 ppm in flour, and 1.81 ppm in shorts. The resulting processing factors were 2.6x for germ,
2.3x for bran, (.9x for middlings, 0.6x for flour, and 1.4x for shorts.

Based on HAFT residues of 1.91 ppm for wheat grain, the maximum expected residues would be
28.7 ppm for AGF, 4.97 ppm for germ, 4.39 ppm for bran and 2.67 ppm for shorts. Because
residues in shorts are below the recommended 3 ppm tolerance for cereal grains, a separate
tolerance in not required for shorts. However, a tolerance of 5.0 ppm in required on wheat milled
byproducts to cover residues in wheat germ and bran. In addition, a 30 ppm tolerance is required
for grain AGF.

Conclusions. The submitted processing studies for irrigated crops are adequate, and cover all the
crops requested in the Endothall RED. The appropriate processed fractions were generated in
each study, and endothall residues in each RAC and processed commodity were determined
using an adequate LC/MS/MS method. The sample storage conditions and durations are also
supported by the available storage stability data. With the exception of field corn grain,
detectable residues of endothall were found in all RAC samples. HED notes that although
residues were reported to be <0.05 ppm (<LOQ) in the apple, orange, soybean and tomato
samples used for processing, endothall residues were detectable in each of these RACs at 0.019-
0.033 ppm. Therefore, these detectable residues were used for calculating processing factors for
these crops.

Endothall residues were shown to concentrate in the following processed fractions: apple juice
{1.2x) and wet pomace (2.8x), grape raisins (4.4x), dried citrus pulp (2.2x), rice hulls (3.9x) and
bran (2.3x), soybean hulls (3.9x), sugar beet molasses (2.4x) and dried pulp (1.1x), tomato paste
{3.3x), and wheat germ (2.6x), bran (2.3x) and shorts (1.4x). (Although grape juice had an
apparent concentration factor of 4.3x, HED used the maximum theoretical processing factor for
grape juice (1.2x) to assess the need for a separate grape juice tolerance.)

Based on the above processing factors and the HAFT residues for the various RACs, the
maximum expected residues in various processed commodities exceeded the tolerance
recommended for the associated RAC. Therefore, separate tolerances are required for the
following processed commodities at the recommended levels: apple wet pomace (0.13 ppm),
raisins (3 ppm), dried citrus pulp (0.1 ppm), rice hulls (5 ppm), soybean hulls (0.3 ppm), sugar
beet molasses (1.2 ppm), tomato paste (0.1 ppm), and wheat milled byproducts (5 ppm).

Although no processing studies are available for oilseed crops (canola, flax, safflower, and
sunflower), the available soybean processing study is adequate for assessing the potential for
concentration of endothall in oil seed meal and refined oil for purposes of this petition. The
soybean processing data indicate that endothall residues are unlikely to concentrate in meal and
oil fractions from other oil seed crops.

In addition, wheat processing study showed that residues concentrated in AGF by 15x indicating
that a separate tolerance will be required for AGF. Because endothall residues were higher in
wheat grain than in the other major grains (field corn, soybean and sorghum), the HAFT for
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wheat grain (1.91 ppm) was used to calculate the maximum expected residuves for AGF (28.7
ppm). These data indicate that a tolerance of 30 ppm would be appropriate for AGF.

860.1650 Submittal of Analytical Referenee Standards

An analytical standard for endothall is currently available in the EPA National Pesticide
Standards Repository (personal communication with Dallas Wright, ACB, 10/23/08), with an
expiration date of 12/28/2012. Analytical reference standards must be replenished as requested

by the Repository.

Analytical standards of the monomethyl and dimethyl esters are required to be submitted. The
reference standards should be sent to the Analytical Chemistry Lab, which is located at Fort
Meade, to the attention of either Theresa Cole or Thuy Nguyen at the following address:

USEPA

National Pesticide Standards Repository/Analytical Chemistry Branch/OPP
701 Mapes Road

Fort George G. Meade, MD 20755-5350

860.1850/1900 Confined and Field Accumulation in Rotational Crops
DP# D321179, D, Soderberg, 8/30/2003

Although the available confined rotational crop study was deemed inadequate, HED has
concluded that based upon the results of the plant metabolism data and of soil and water
metabolism data, it is possible to infer that the only possible residues of significance in rotated
crops are endothall and its mono methyl and dimethyl esters. Therefore, a new confined
rotational crop study is no longer required so long as limited field trials are performed that
measure all three of endothall, and the monomethyl- and dimethyl- esters of endothall.

Although the Endothall RED required data from limited field rotational crop trials, the
inadvertent exposure of crops to endothall via the use of treated irrigation water will clearly
exceed the potential secondary exposure of crops planted in rotation with endothall treated crops
such as cotton and potatoes. Therefore, the establishment of tolerances for indirect/inadvertent
residues of endothall on the proposed irrigated crops supersedes the need for limited field
rotational trial data or the need for rotational crop tolerances.

860.1550 Proposcd Tolerances

The residues of concern for endothall for purposes of both risk assessment and tolerance
enforcement in plant and animal commodities include parent endothall and its monomethyl ester.
Permanent tolerances are currently established for the combined residues of endothall and its
monomethyl ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm
in/on rice grain and straw {40 CFR §180.293(a)(1)]. An interim tolerance of 0.2 ppm has also
been established for endothall acid in potable water resulting from the use of the
monoalkylamine or dipotassium salts of endothall for control of aquatic plants in canals, lakes,
ponds and other potential water sources. An interim tolerance has also been established for
endothall on sugar beet at 0.2 ppm {40 CFR §180.319].
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The avatlable field trial data are adequate for purposes of assessing inadvertent residues of
endothall on irrigated crops. Although the residue data available on any given crop is limited, the
field trials are likely to represent a very conservative estimate of endothall residues on irrigated
crops. This is not only because crops are (properly) treated at the maximum use rate and the
maximum number of times per season, but also because overhead irrigation was used and
because a short PHI (0-DAT) used in each field trial. The oceurrence of phytotoxicity on a
number of the crops tested also make it unlikely that repeated irrigation with water containing
high levels of endothall {5 ppm) will go unrecognized and be allowed to occur under normal
agricultural conditions.

In calculating recommended tolerances for irrigated crops, HED has not utilized the NAFTA
MRI Calculator {or Tolerance Harmonization Spreadsheet) except for grass commodities, comn
grain and soybeans. The residues are already expected to be very conservative. In addition, only
a very limited number of field trials were performed for any crop/crop group, and there was only
one plot for each field trial. Thus, in some cases there was only a single plot tested for a
crop/crop group. Correct use of the NAFTA MRI Calculator given these limited data would add
an unrealistically large additional conservative factor onto these already conservative results, and
results would have less reliability given the limited number of values use for each distribution.
In addition, several tolerances are based upon residues detected below the LOQ of the method,
but above the LOD. These residues cannot be considered to be non-detectable, but the precision
of determination of residues in this range is larger than normally attributed to the method, and
results are usually biased high due to undue influence of background contribution to the
responses. Given all of this, given that these tolerances are for inadvertent residues and therefore
in many cases are based upon very broad translations of data, sometimes even across crop
groups, HED has concluded that it makes better sense to estimate tolerances using a more
practical, common sense approach. In most cases these tolerances are approximately twice the
highest results from the highest residues/plot tested.

The proposed tolerances for irrigated crops are listed in Table 10, along with the Agency’s
recommended tolerances. As the tolerances on irrigated crops are for inadvertent residues, they
should be established under 40 CFR §180.293(d). Substantial changes in the proposed tolerances
are noted below.

IR-4 provided residue data on cabbage to support the tolerance on Brassica leafy vegetables.
However, because mustard greens typically have higher residues than cabbage, the leaf lettuce
field trial data were used to assess the tolerance on Brassica leafy vegetables.

For legume vegetables, the available field trial data indicated that a single crop group tolerance is
not appropriate. Therefore, HED is recommending that separate tolerances be established for the
three legume vegetable subgroups (6A, 6B and 6C), along with a tolerance on soybean seeds. In
addition, IR-4 did not propose a tolerance for the foliage of legumes {group 7). HED is
recommending a tolerance for legume foliage based on the alfalfa field trial data.

Tolerances for okra, pistachios and herbs (subgroup 19A) are being recommended based on the

respective field tnal data for tomatoes, tree nuts and mint.
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For cereal grains, IR-4 proposed tolerances for cereal grains (except rice); however, the available
residue data indicate that residues for rice grain are similar to wheat and sorghum grain, while
residues in/on com (field and sweet) are substantially lower. Therefore, HED is recommending a
crop group tolerance for cereal grain, except corn, and establishing separate tolerances for field
and pop corn grain and sweet corn K+CWHR.

Although IR-4 did not propose tolerances on any processed crop fractions, the available field trial
and processing data indicate that separate tolerances are required for the following processed
commodities at the recommended levels: apple wet pomace (0.15 ppm), raisins (3 ppm), dried
citrus pulp (0.1 ppm), rice hulls (5 ppm), seybean hulls (0.3 ppm), sugar beet molasses (1.2
ppm), tomato paste (0.1 ppm), and wheat milled byproducts (5 ppm). A separate tolerance is
also AGF at 30 ppm.

There are currently no established Codex, Canadian, or Mexican maximum residue limits
(MRLs) for endothall on plant or-animal commodities. Therefore, there are no issues related to
harmonization with international MRLs.

Table 11. Tolerance Summary for Endothall.

Commodity Proposed Tolerance | Recommended | Comments;

{ppm) Tolerance (ppm) | Correct Commodity Definition
40 CFR $180.293(d)

Vegetable, root and tuber, 2 1.0 Based on maximum residues in sugar

group | beets (0.493 ppm), carrots (0.088 ppm)
and potatoes (0.103 ppm)

Beet, sugar, molasses None 1.5 Maximum expected residues are 1,18
ppm in molasses based on HAFT
residues of 0,493 ppm in sugar beet roots
and a 2.4x processing factor,

Vegetable, leaves of root and s 3.0 Based on maximum residues in sugar

tuber, group 2 beet 10ps (1.62 ppm)

Vegetable, bulb, group 3 2 0.5 Based on maximum residues in green
onions (0.26 ppm) and dry bulb onions
{<0.05 ppm)

Vegetable, leafy, except 35 2.0 Based on maximum independent plot

brassica, group 4 residues in leaf lettuce (0.99 ppm) and
head lettuce (0.60 ppm)

Vegetable, brassica, group 5 0.1 None Based upon Cabbage HAFT of 0.063
ppm)

Vegetable, brassica, head and None 0.1 Based upon Cabbage HAFT of 0.063

stem subgroup SA ppm)

Vegetable, brassica, leafy, None 2 Based upon maximunt residues in leaf

group SB lettuce, which better represents residues
on leafy Brassica than does cabbage.

Vegetable, legume, group 6 3 MNone Separate tolerances should be established

Vegetable, legume, edible None 20 for soybeans and the various legume

podded, subgroup 6A and subgroups based on the maximum

Pea and bean, succulent residues in succulent beans (0.47 ppm)

shelled, subgroup 6B and succulent peas (0.94 ppm), and those
in dried beans (0.12 ppm), and on
soybeans (0.07 ppm). Soybean seed
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Table 11, Tolerance Summary for Endothall.
Commodity Proposed Tolerance | Recommended | Comiments;
{ppm) Tolerance (ppm) | Correct Commodity Definition
40 CEFR §180.293(d)
Pea and bean, dried shelled, None 0.2 tolerance (4 trials) is based upon
subgroup 6C tolerance spreadsheet.
Soybean seed None 0.2
Soybean, hulls None 0.5 Maximum expected residues are (.27
ppm in hulls based on HAFT residues of
0.07 ppm in soybeans ard a 3.9x
processing factor.
Vegetable, foliage of legume, None 4 Based on maximum residues in alfalfa
group 7 forage
Vegetable, fruiting, group 8 0.05 0.05 Based on maximum residues in tomatoes
Okra None 0.05 (<0.05 ppm).
Tomato, paste None 0.1 Maximum expected residues are 0.069
ppm in paste based on HAFT residues of
0.02 | ppm in tomatoes and a 3.3x
processing factor for paste.
Tomato, puree None 0.1 Maximiumn expected residues are 0.044
ppm in paste based o HAFT residues of
0.02] ppm in tomatoes and a 2,1x
processing factor for puree,
Vegetable, cucurbit, group 8 1.1 i.5 Based on maximum residues in
cucumbers (0.74 ppm).
Fruit, citrus, group 10 0.05 0.05 Based on maximum residues in oranges
(<0.05 ppm).
Citrus, dried pulp None 0.1 Maximum expected residues are 0.057
ppm in dried pulp based on HAFT
residues of 0.026 ppm in oranges and a
2.2x processing factor.
Fruit, pome, group 11 0.05 0.05 Based on maximum residues in apples
(<0.05 ppm).
Apple, wet pomace None 0.15 Maximum expected residues are 0,109
ppm in wet pomace based on HAFT
residues of 0.039 ppm in apples and a
2.8x processing factor,
Fruit, stone, group 12 0.25 0.3 Based on maximum residues in peaches
(0.15 ppm).
Canebery subgroup 13-07A 0.6 0.6 Based on maximum residues in
and bushberry subgroup 13- blueberries (0.18 ppm) and blackberries
078 (0.33 ppm).
Grape 0.9 1.0 Based upon maximum residues on
grapes { 0.64 ppm).
Grape, raisin None 3.0 Maximum expected residues are 2.8 ppm
in raisins based on HAFT residues of
0.64 ppm in grapes and a 4.4x
processing factor,
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Table 11. ‘Folerance Summary for Endothall.
Commodity Proposed Tolerance Recommended | Comments;
{ppm) Tolerance (ppm) | Correct Commodity Definition
40 CFR §180.293(d)
Nut, tree, group 14 0.05 0.05 Based on maximum residues in atmond
Pistachio None 0.05 and pecan nutmeats (<605 ppm).
Almond, hulls 10 15 Based on maximum residues in hulls {8.2
ppm).
Grain, cereal, group 15, except 1.9 4 The available data support a crop group
com tolerance, except for corn
Com, sweet, kemnel plus cob None 0.3 Tolerance based on maximum residues
with husks removed in sweet com K+CWHR (0.17 ppm)
Com, field, grain None 0.07 Tolerance based on tolerance
Corn, pop, grain None 0.07 spreadsheet for comn grain
Cereal, forage, fodder and 5.0 None Combined into Forage, Hay and Straw
straw, group 16, hay
Cereal, forage, fodder and 6 None Combined into Forage, Hay and Straw
straw, group 16, straw
Cereal, forage, fodder and 3.5 None Combined into Forage, Hay and Straw
straw, group 16, forage
Cereal, forage, fodder and 3.5 6 Based on maximum residues on various
straw, Group 16, except stover forages (2.7) and wheat hay and straw.
Note that field comn, sorghtm and wheat
forages received only 2-3 applications
prior to harvest {0.3-0.5x rate),
Cereal, forage, fodder and hay, 11 10 Based on adequate data from field com
| group 16, stover and sorghum stover {max 5.0 ppin).
Grain, aspirated fractions 24 35 Maximum expected residues in AGF are
29 ppm based on HAFT residues of t.9
ppm for wheat grain and a concentration
factor of 15x for AGF.
Grass, forage, fodder, and hay, 3 3.5 Based upon tolerance spreadsheet (6
group 17, forage trials}
Grass, forage, fodder, and hay, 19 18 Based upon tolerance spreadsheet {6
group 17, hay trials)
Animal feed, Nongrass, group 3.5 4.0 Based on maximum residues in alfalfa
18, forage forage (2.1 ppm) and hay (4.9 ppm)
Animal feed, Nongrass, group 8 10
18, hay
Peppenuint, tops 7 3 Based on maximum residues in mint tops
Spearmint, tops 7 5 (2.8 ppm).
Herb and spics, group 19 None 5
Rice, grain 1.7 None Separate tolerances are not required for
rice grain and straw as these
- commoedities are covered by the
Rice, straw 4.5 None tolerances on cereal grains and cereal
grain straw,
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Table 11. Tolerance Summary for Endothall,

Commodity Proposed Tolerance | Recommended | Comments;

{ppm) Tolerance (ppm) | Correct Commodity Definition
40 CFR §180.293(d)

Rice, huils Nene 8 Based on HAFT residues of 1.0 ppm for
rice grain and a processing factor of 3.9x
for hulls, the maximum expected
residues in rice hulis is 4.0 ppm.

Wheat, milled byproducts None 5 Based on HAFT residues of 1.9 ppm for
wheat grain and processing factors of
2.6x for germ, and 2.3x for bran, and
1.4x% for shorts, the maximum expected
residues in milled byproducts is 5.0 ppm.,

Food commodities None 5 Inadvertent residues on any foeod
crop/commedity not included within the
assigned crop groups and miscellaneous
tolerances. Based upon Mint.

Feed commedities None 10 Inadvertent residues on any feed
crop/cemmodity not included within the
assigned crop groups and miscellaneous
tolerances. Based upon Cereal Grains,

Cattle, muscle Nene 0.03 Based upon calculatiens for Dairy Caitle
using metabolism data.

Cattle, kidney None 0.20 Based upon calculations for Dairy Cattle
using metabolism data,

Cattle, liver None 0.10 Based upon caleulations for Dairy Cattle
using metabolism data.

Cattle, fat Nene 0,01 Based upon calculations for Dairy Cattle
using metabolism data.

Milk None 0.03 Based upon calculatiens for Dairy Cattle
using metabolism data,

Sheep, muscle None 0.015 Based upon calculations for Beef Cattle
using metabolism data.

Sheep, kidney None .15 Based upon caleulations for Beef Cattle
using metabolism data.

Sheep, liver None 0.05 Based upon calculations for Beef Cattle
using metabolism data.

Sheep, fat None 0.005 Based upon calculations for Beef Cattle
using metabelism data,

Goat, muscle None 0.015 Based upon calculations for Beef Cattle
using metabolism data.

Goat, kidney None 0.15 Based upon calculations for Beef Cattle
using metabolism data,

Goat, liver None 0.05 Based upon calculations for Beef Cattle
using metabolisim data.

Goat, fat None 0.005 Based upon calculations for Beef Cattle
using metabolism data.

Hog, muscle None 0.01 Based upon calculations using
metabolism data.

Hog, kidney None 0.10 Based upon calculations using
metabolism data.
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Table 11. Tolerance Summary for Endothall.
Commodity Propesed Tolerance | Recommended | Comments;

(ppm) Tolerance (ppm) | Correct Conmodity Definition

40 CFR §180.293(d)
Hog, liver None 0.05 Based upon calculations using
metabolism data.

Hog, fat None 0.005 Based upon calculations using

metabalism data.

Foultry, muscle

None 0.015 Based apon calculations using
metabolism data.

Poultry, liver None 0.03 Based upon calculations using
metabolism data,
Poultry, fat None 0.013 Based upon calculations using
metaboelism data,
Poultry, meat byproducts None 020 Based upon calculations using
metabolism data.
Egg None 0.05 Based upon calculations using
meiabolism data.
References
DP Number: D321179
Subject: Endothall and its Salts. Residue Chemistry Considerations for Reregistration
Eligibility Decision. Revised per Registrant Comments.
From: D). Soderberg
To: R. Zendzian
Dated: 8/30/2005
MRID(s): None
Attachments:
Attachment 1. Table of Individual Residue Values Found for Each Different Commeodity
Attachment 2: Tolerance Spreadsheet analyses for Commodities with Four or More Field Trials
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Residue Data for Endothal!

. 4
;réli?:lhlgt ate; Year) Zene | Crop; Variety Matrix p[;l“;tal Rﬁz — ( 5 :)I;Is) Residues (ppm)*
TABLE C.3, Residue Data from Root and Tuber chetable Field Trials with Endothall,

Sugar Beefs
Conklin, MI 2007 Tops 5.0 677 0 1.256 1.374
MIS19 s Sugar beet; 3.5 4.80 0 0.523 0.531
Beta 5451 Roots 5.0 6.77 0 0.199 0.136
3.5 - 4,80 0 0,120 0,115.
Arroyo Grande, Sugar beet; Tops 5.0 6.79 0 [.618 1,105
giég@? ‘0 Alpine 35 | 488 0 21279 -] 0948
Medium 5.0 6.79 0 0.591 0.395
Quickprime Roots ' .
3.5 488 0 0,345 0316
Carrof
;{n;;nna, Mi 5 Carrot; 6
N?ng Recoleta Root 5.0 g7 G 0.0675 0.062
Arroyo Grande,
CA 2006 10 | Carrot; Nantes Root 5.0 6,79 0 - (.088 0.088
CAS06
Potato
Conklin, Ml
12\2105:72 | 5 gz:m;ggz Tuber 5.0 6.77 0 0.072 0.103
raehe 102007 ]y | Poteroi Ranger | qyper 50 6.83 0 0067 | 0078
TABLE C.3. Residue Data from Onion Field Trials with Endothall (SC/L).
East Bernard, TX Grf:en Onion; Whole plant
2607 6 hvcrgreep without rools 5.0 6.75 0 0.284 0.234
TX$07 Hardy White
Arroyo Grande, Dry Bulb
AR g0 Omom Omion | pry Buth 5.0 6.76 0 0023 | 0023
Granex F1
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Residue Data for Endothall
Trial ID s . Total Rate’ PHI , 56
(City, State; Year) Zone § Crop; Vaiiety Mairix opm Y (days) Residues (ppni)
TABLE C.3. Residue Data from Lettuce Field Trials with Endothall Salis (SC/L).
Leaf Lettuce
Arroyo Grande, . 5.0 6.76 0
CA 2006 1o | LIS | eaves RPN RN IR
MNorth Rose, NY Leaf Leltuce; 5.0 6.73 0
2007 1 Green salad Leaves RS IR PRI
NY$28 bow! 350 i 71‘-_. AL
Head Lettuce
Arroyo Grande, . Heads, 5.0 6.76 0
CA 2006 10 Heasd nI;;:;;:ce, w/wrapper B R T
CAS$05 leaves 3.3 5 R
Lyons, NY 2007 Head Lettuce: Heads, 5.0 . 0
NY$3} '] IthacaMTO w‘;‘:;gzgef 15 so7 1 6
TABLE C.3. Residue Data from Cabbage Field Trials with Endothall (SC/L),
Nosth Rose, NY .
* Head with t
2006 1 Matsumo 5.0 7.00 0 0.025 0.075
NY$23 wrapper leaves
Baptistown, N7 .
Head with
2006 1 Blue Lagoon 5.0 5.64 0 0.0635 0.058
NISO8 wrapper leaves
TABLE C.3. Residue Data from Legume Field TFrials with Endothall Monoamine Salt (SC/L),
Succulent Podded Beans
Arroyo Grande,
CA 2007 jo | Sucoulent Swcaweniseed) gy 9.02 0 0414 | 0521
CA$26 i /Speckie P
Baptistown, NJ Succulent
2006 Limg/ Succulent seed
NI$24 1 Burpec's wipod 5.0 6.75 0 0.261 0.324
Improved Bush
Dricd Beans
Drelavan, W1 2007 Dry bean/ .
WISE 5 Pinto Eried seed 5.0 6.77 0 0.134 0.070
Richland, 1A
2007 5 Dry bean/ | pyied seed 5.0 6.77 0 0109 | 0.123
Great Northern
1AS814
Succulent Podded Peas
Ephrata, WA §
2007 12 S““%‘é‘;’;i pea/ S““iicg:fced 5.0 6.74 0 0.878 1.00
WAS17 P
Delavan, W1 2007 Succulent pea/ | Succulent seed
WIS12 5 Wanto wipod 5.0 6.74 0 0.537 0.522
Soybean
Baptistown, NJ
2006 ! soybean) | Dried sced 50 6.75 1 0072 | 0.068
NJ$25
Newport, AR Soybean/
2007 4 BPR 5423 Dried seed 5.0 6.76 0 G0i7 ND?
ARSI6 aRR, '
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Endothall

Summary of Analytical Chemistry and Residue Data

DP¥: 356315

Residue Data for Endothall

Trial ID s . Total Rate* PHI . 56

(City, State; Year) Zone | Crop; Varicty Matrix — b ac/A (days) Residucs (ppm)

Richland, 1A

2007 5 Soybean/ Dried seed 5.0 6.77 0 0.020" | 0017

93M42

LASLS

Sparta, 11 2007 Soybean/

1L$11 5 Asgrow AG Dried seed 5.0 6.77 0 0.038' 0.026"

3905

TABLE C.3. Residue Data from Tomato Field Trials with Endothall Monoamine Salt (SC/L).

Grande Arrovo,

CA 20006 10 | toma Fruit 5.0 6.74 0 NR? NR?

CAS$28 ganic 14

QOviedo, FL 2006 Tomato/ . 1 1

FL$27 3 Celebrity Fruit 50 6.1 G 0.027 0.030

TABLE C.3, Residue Data from Cucumber Field Trials with Endothall Saits (SC/L).

Baptistown, NJ 5.0 0 0.738

2006 1 Burpless bush Fruit NI T T

NI502 33 0:459.

Conklin, M1 2007 . . 5.0 0 0.284
' 5 Fancipack Fruit e ShALA S s I st

Mlig42 i 35 - | 4as1b o b 0314

TABLE C.3, Residue Data from Orange Field Trials witit Endothall Monocamine Salt (SC/L).

Dinuba, CA 2006 Rush

CAS$1! 10 Thompson Fruit 5.0 6.78 0 0.024"' 0.028'

Improved

Qviedo, FL. 2006 : . 1 1

FL310 3 Hamlin Fruit 5.0 6.63 G 6.022 0.021

TABLE C.3. Residue Data from Apple Field Trials with Endothall Monoamine Sait (SC/L).

North Rose, NY

2006 1 Empire Fruit 5.0 6.79 0 0.031' 0.047

NY3$26

Ephrata, WA

2006 11 Bracbwm Fruit 5.0 6.64 0 ND? 0.043

WASL6

TABLE C.3. Residue Data from Peach Field Trials with Endothaii Salts (SC/L).

Morven, GA 7.08 0 0.045" 0,043

2007 2 White Fruit B T

GAS$01 - e et 0. 80,

!ér;g;’ CA 2007 10 Snow Princess Fruit 50 673 — e 0 v 0144 —f 0. 160

: -_3.5.-"-‘-_ 4-32; LI':S\.J"'_,.'-.'_O', ,1 L “0-118 - ,0-.136’

TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoamine Salt (SC/L)

Conklin, M! Blueberry:

2007 5 Blug Ray Fruit 5.0 6.77 0 (0.158 0.197

MI$32 (Highbush)

Hilishoro, OR

2007 12 ‘i‘;gk;’:;? Fruit 5.0 6.73 0 0.311 0.346

OR$41 ¥

TABLE C.3, Residue Data from Tree Nut Field Trials with Endothall Monoamine Salt (SC/L).

Irwinville, GA 7.01

2006 2 Pecan: summer |  Nutmeat 5.0 : ‘0 ND? 0.024"

GAS22

Coalinga, CA 10 Almond; Nutmeat 5.0 6.80 O 0.036' 0.037"
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Endothall

Sutnmary of Analytical Chemistry and Residue Data

DP#: 356315

Residue Data for Endothall

Total Rate*

Trial ID . - . PHI : 5.6
(City, State; Year) Crop; Variety Matrix - Ty (days) Residues {ppm)
2007 nonipariel
CA$40 Hulls 6.91 8.20
TABLE C.3. Residue Data from Cereal Crop Field Trials with Endothall.
Sweet Corn
Sodus, NY 2006 K+CWHR 0,05 NR?
NY§17 ”
. . Forage (wlo 0.52 0.65
weet corn; cars) 5.0 675 0
Specdy Sweet Forage ' ) 0.49 0.40
{w/cars) ) )
Stover (w/ears) £.69 0.58
Campbell. MN K+CWHR 0.17 0.17
2007 Forage (w/o
MN$10 cars) .18 1.28
S 1.06
weet corm;
{w/ears) ’
Stever {w/ears) 4,70 5.06
Field Corn
Baptistown, NJ Field Forage 3.38¢ 0.40 0.28
2006 f1ela Corn; . 5 0 0 1 T
NISIS TA 3892 Grain . 6.75 0.041 4039
. Stover 3.48 2.89
Sparta, IL 2007 Field G Forage 0.31 0.34
{Lsog |+ 1313 . 3 3
DK61-73 Grain 38 6.77 0 NR: NR
Stover 1.56 1.39
Richland, 1A _ Forage 2287 0.35 0.42
2007 Field Corn Grain 50 0 NRJ NR3
1AS06 34Alé 6.77
Stover 2.07 2.37
Centerville, SD Field C Forage 2.40° 0.36 0.21
2007 i ortl . 5.0 0 3 3
SDS05 DKC 54-46 Urain 7.10 NR NR
Stover 1.07 1.81
Sorghum
Sparta, 1L 2007 Sorch Forage 3,381 3.05 2,29
[L$08 arghurm .
} Dekalb 44 Grain 30 6.77 0 141 0.91
Staver 2.60 7.19
Richland, JA Sorch Forage 3.38° 0.96 0.57
2007 orghum - 5.0
LAS07 85G0] Grain 6.77 0 0.49 0.80
Stover 1.i1 0.81
Larned, KS 2007 Sorghum Forage 2.26° 0.29 0.41
KS503 Pionecr Grain 50 6.77 0 1.23 1.18
87G57 Stover ' 3.10 2.65
Wheat
Ephrata, WA [ Winter Wheat; { Forage | 50 (221') 0 074 ] 063
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Endothall

Summary of Analytical Chemistry and Residue Data

DP#: 356315

Residue Data for Endothall

Trial 1D . : Total Rate* PHI : 56
. Z Crop; Variet Mair Resid :
(City, State; Year) one rop; Variety atrix — b acTn (days) esidues (ppm}
2007 Stevens Hay 1.00 1.11
WAS20 Grain 6.6 0.20 0.25
Straw ‘ 120 1.93
Bernard, TX 2007 Foragc 3947 0 1.99 2.27
TX$19 s | Winter wheat; Hay 5o 3.09 3.09
Fannin ; )
Grain 6.71 1 2.01 1.8¢
Straw 2.72 276
St, Johns, KS Forage 226° 0.84 0.89
2007 Winter Wheat; Hay 3.39¢ 1.31 1.62
KSs21 3 Jagrer ; 5.0 0
EE Grain 6.77 0.32 032
Straw ' 1.49 1.38
Velva, ND 2007 Forage 2.19° 0.8% 0.94
ND$04 , | Spring Wheat Hay o 329° o 224 2.09
Glenn Grain ' 6.58 0.30 0.47
Straw ‘ 1.52 0.61
TABLE C.3, Residue Data from Grass Feed Crop Field Trials with Endothall Monoamine Salt (SC/L),
Lecompte, LA . Forage 2.08 2,23
2006 4 Bcn;ﬁg:jlmss’ » 5.0 7.02 1
LASI2 ? ay 9.80 12.40
East Bernard, . Forage 1.85 2.03
TX 2006 6 Be“é‘;::ga“’ - 5.0 6.75 1
TXS$14 ay 13.1 14.2
Ephrata, WA . Forage 1.82 1.85
2006 1 ?{'::ir:i; ., 5.0 6.64 1
WAS1S ay 7.17 8.91
Newport, SR . Forage 2.65 2.81
2007 4 E:{'zgfﬁ; 5.0 6.76 2
ARS37 Hay 6.51 6.78
Alexandria, LA F . Forage 1.70 2.86
2006 4 not stcal;rébl e H 30 7.00 0 5
LAS13 ay 5.89 84
Hillsboro, OR i Forage 265 1.99
2007 12 ng:“(‘;zi d 5.0 6.73 0
OR%38 Hay 534 9.24
TABLE C.3, Residue Data from Non Grass Crop Field Trials with Endothall Monoamine Salt (SC/L).
Velva, ND Forage 2.13 1.41
2007 7 Alfalfa; NK%19 - 5.0 6.58 0
ND$20 Hay 4.98 4.87
Tilden, 1. 2007 Alfalfa; Forage 2.24 1.99
L3O > catileman’s Hay 3.0 394 0 5.1 3.09
TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoamine Salt (SC/L).
Yelva, ND Forage 213 1.41
2007 7 Alfalfa; NK919 5.0 6.58 0
ND$20 Hay 4,98 4,87
Tilden, . 2007 5 Alfalfa;‘ Forage 5.0 5.04 o 2.24 1.99
ILE30 cattlemnan’s Hay 5.1] 3.09
TABLE C.3. Regidue Data from Grape Field Trials with Endothall (2 Ib ae/gal SC/L).
North Rose, NY
2006 1 Elvira Fruit 4,98 6.73 0 0.433 0.376
NY$01
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DP#: 356315

Endothall Summary of Analytical Chemistry and Residue Data

Residue Data for Endothali
Trial ID ' . . Total Rate’ PHI . 5

. Z Crop; Variet Matriz .6
(City, State; Year) one rop; Variety atrix oo A (days) Residues (ppm)
San Luis Obispo,
CA 2007 10 Pinot 155 Fruit 498 6.76 ¢ 0.588 0.440
CAS3]
Ephrata, WA
2006 1 Riesling Fruit 497 6.64 0 0.587 0.696
WAS02 '
TABLE C.3.  Residue Data from Rice Field Trials with Endothall Monoamine Salt (SC/L).
East Bernard, TX Grain 1,22 1.14
2007 6 Rice; Cocodrie 5.0 6.75 1
TX$24 Straw 1.99 224
Cheneyville, LA Rice: Grain 116 1.19
2007 4 f 5.0 6.77 G
LA325 Clearfield 161 Straw 1.09 0,94
Newport, AR Grain 0.813° | 0.694°
2007 4 Rice; Wells 5.0 6.76 0 ]
ARS26 Straw 1.90 1.86

. : 3
Biggs, CA 2007 10 Rice; M-205 Grain 50 6.76 0 0.802 1.08
CAS827 Straw 2.59 2.61
TABLE C.3. Residue Data from Mint Field Trials with Endothall Monoamine Salt (SC/L).
Ephrata, WA : ,
2006 1 Mﬁ‘:{iﬁ;‘:}‘; s Tops 5.0 6.64 0 2.89 2.70
WASQ9
Eikhorn, WI 2007 Mint {Black
WI$39 5 Mitchem) Tops 5.0 6.77 0 1.67 1.31

T

% Non Detect — no residues seen
% No Reportable Residues — no residues below the 0.05 ppm LLMV were reported
% Therate is expressed both in terms of the concentration in the irrigation water (ppm and the totat amount (Ibs ae/A)

applied.

Residues below LLMYV, but above LOD.

% Expressed in acid equivalents. The LLMV is 0,05 ppm and the LOD is below .001 ppm.
% the two results for each field trial represent two samples taken from a single plot, not two plots,
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Endothall Summary of Analytical Chemisiry and Residue Dala DP#; 356315

Attachment 2. Tolerance Spreadsheet Results for Crops with Four or More Field Trials —
When the Spreadsheet Was Used to Calculate Tolerances (Please note that the spreadsheet
was not used when less than four field trials were performed and in those cases where data from
multiple crops were combined into a group tolerance.)

Lognormal Probability Plot

3.0000 1

Concentrations

+EPA Endnthal} Grape Porage 0 dave

Y = 0.1513x + 0.7863
7 = 0.9871

3.5000
0.1

Percgntilon

5 48 9% 49.9

Normality Test

Regqulator: EPA
Chemical: Endothall
Crop: Grass Forage
PHI: 0 days
App. Rate:
Submitter:
n: &
mine 1.84
masc: 2,73
median: 2.22
average: 2.2%
45th Percentile 49th Percentile 99,9th Percentile
FU Mechod I 3.0 3.0 3.5
Normal {3.5) {4.0) {(--)
3.0 3.5 3.5
99 Rule
95/ (4.0) (4.5) (-}
EY Method II HREF!
pPistribution-Free
Maean+3SD 3.5
18
UCIMedian95th
Approximate 0.9672
Shapiro-Francia | p-vaiue > 0.05 : Po not reject lognormality assumption
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Endothali Summary of Analytical Chemistry and Residue Data DP#. 356315
Logoormal Probabillty Plot
¢EPM Endothall Grass Hay o dayas
¥ o= 0.34185x + 2.2257
B e 0,982
14.00040
7.000¢
g
% 1.5000 + —
u o,k 1 2 E by 0 kLo 50 0 849 20 &5 a8 8g 99.9
Fergentilea
Regulator: EFA
Chemical: Endothall
Crop: Grass Hay
PHI: 0 days
App. Rate:
Submitter;
n: 6
min: 5.87
madx: 13.65
median: 7.6%7
average: 8.77
95th Percentile 99th Pexcentile 99.9th Percentile
EU Method I 14 1s is
Normal {20} {25} {--)
15 18 25
85/99 Rule
/ {30) {45) {~~)
EU Method IL #REF!
Digtribution-Free
Mean+3S8D 18
; &0
UCiMedian95th
Approximate 00,9420
Shapiro-Francia | p-value » 0.05 Do not reiject lognormality assumption
Normality Test
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Summary of Analytical Chemistry and Residue Data

DP#: 356315

-

100

L5000

o

¢.2500

L1250

o

DG28

o

L0113

Concentracings
o

o

.D15E

4.0078

Lognormal

Probabllity Plek

#+EPA Endethall Corn Grain 0 daysm

¥ = D.8)64ax - 4.7785
&+ 0.6165

4.003%

a5

Fercentilea

Shapiro-Francia
Normality Test

p-value <= 0.01:

Regulator: EBA
Chemical: Endothall
Crop: Corn Grain
PHI: 0 days
App. Rate:
Submitter:
n: 4
min;: 0.0l
max; 0.04
median: 0.01
average: 0.01
$5th Percentile 99th Percentile 99,9th Percentile
EU Method 1 0.05 G.06 0.07
Normal (0.15} {0.15) {--]
0.05 0.10 0.25
5/99 Rule
i/ (1.8) (13) (--)
EY Method IT H#REF
Digtribution-Free
Mean+35D ¢.07
UCLMedian95th 0.08
Approximate 0.6165

Redject lognormality assumption

b
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Summary of Analytical Chemistry and Residue Data

DP#: 356313

1.009% +

0, 5009

9.2500

o
"
L
o
o

o
o
o
»
w
e

#.9311

Canteptratiens

o
=l
o
&
kS

o
o

a

-

[

Lognormal

Probability Plot

+EPA Endothall aoybean 0 days

y » O.BB1lx - 1. g4lé

®' - 0.9528

a.1 3 5 ig 20 kL 50 g : 1] Ll 54 1) %9 L1 ]
Pereentilea
Regulator: EPA
Chemical: Endothall
Crop: soybean
PHI: 0 days
App. Rate:
Submitter:
n: 4
min: 0.01
MAaX 0.07
median: c.03
average;:; 0.03
95th Percentile 39th Percentile $3.9th Percentile
BT Methoad I 0.08 0.10 0.15
Normal {0.20]) {0.25) {~-)
0.190 0.20 0.30
5/9% Rule
95/ (1.6) (7.0) (--)
EU Method IT ¥REF!
Digtribution-Free
Mean+3SD 0.15
yeLMediang5th 0.30
Approximate 0.9925
Shapiro-Francia | p-value > 0.05 Do not reject lognormality assumption
Normality Test

Template Version April 2008
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Endothall/338501/Interregional Research Project No. 4
E@ ﬁi DACO 6.4, 7.4, 7.8/0PPTS 860.14C0/QECD IITA 8.4.3 and [F1A 8.3
Water, Fish, and krrigated Crops ~ Tomalo processing study

Primary Evaluator ﬂp ;44-%/ /é&)—,/(,&/% Date: 5 June 2009

David Soderberg, Chem1st RABV/HED

Approved by (/b} ,VKZMN ti P~y Date: 5 June 2009
William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 4/07/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520706. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable Fruiting Group: Lab Project Number: 79766, Z9766.06-CA$28, 29766.06-FL$27
Unpublished study prepared by Interregional Research Project No. 4. 180 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a tomato processing study reflecting the
exposure of tomatoes to endothall through the use of treated irrigation water. In a field trial
conducted in FL (Zone 3) during 2006, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In
order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to tomatoes as six broadcast foliar applications during fruit
development at retreatment intervals (RTIs) of 8 days. A volume equivalent to | acre inch of
water (~27,154 gal/A) was applied for each application. Based on the concentration of the
endothall in the irrigation water and the actual amount of water applied, the application rate for
endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.77 1b ae/A/season.

Single bulk control and treated samples of tomatoes were harvested at normal crop maturity,
immediately following the last irrigation (0 days after treatment, DAT). The tomatoes were
processed into puree and paste using simulated commercial procedures. Samples of whole fruits,
puree and paste were stored at <-10°C for up to 80 days prior to analysis. The sample storage
intervals and conditions are supported by the available storage stability data,

Residues of endothall (free acid) in/on tomato fruit, puree and paste were determined using an
adequate LC/MS/MS method (Method No. KP-242R1). For this method, residues were
extracted with water and then derivatized with heptaffuoro-p-tolylhydrazine (HFTH) in 50%
H;3PO4. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether
 (MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed
in endothall acid equivalents. The validated limit of quantitation (I.OQ) for endothall in/on

DP# 356315/MRID No. 47520706 Page 1 of 8
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34,' Endothall/038901/Interregional Research Project No. 4
ﬁ"l DACO 6.4, 7.4, 7.8/0PPTS 860.1400/CECD II1A 8.4.3 and 1IIA 8.3
Waler, Fish, and [rrigated Crops - Tomato processing study

tomatoes and tomato processed fractions is (.05 ppm, and the estimated limit of detection was
0.002 ppm

Residues of endothall were reported to be <0.05 ppm in/on whole fruits and puree and 0.06% ppm
in tomato paste. However, on page 81 it is reported that “The residues of endothall in treated
samples ranged from <0.027 to 0.30 ppm. Endothall residues were found less than LOQ in all
processed control tomato samples; and 0.021 ppm in whole fruit, 0.069 ppm in tomato paste and
0.044 ppm in tomato puree.” From these values, estimated processing factors of 2.1 and 3.3x are
calculated here for the puree and paste, respectively. The report only formally estimated the 3.3
factor for paste, but there seems little reason to believe that the 2.1 factor is significantly less
supportable than the 3.3 factor, and it provides a factor for the puree that is relatively
conservative when compared to EPA’s published theoretical factor. EPA’s published theoretical
processing factors for tomato puree and paste are 1.4 and 5.5x, respectively.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Although the raw data related to the analysts of residues in puree and paste fractions was not
included in the study report, the tomato processing residue data are classified as scientifically
acceptable under the conditions and parameters used in the study. The acceptability of this study
for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary
Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall {7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw {40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E£7419),
IR-4 has submitted a tomato processing study reflecting irrigation of tomatoes with endothall-
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine

DP# 356315/MRID No. 47520706 Page 2 of &

61



Y

#efl  Endothall/03890 I/Interregional Research Project No. 4
DACO 6.4, 7.4, 7.8/OPPTS 860.1400/0ECD I1IA 8.4.3 and ITTA 8.3

Water, Fish, and Irrigated Crops — Tomato processing study

salt are listed in Table A.1. The physicochemical properties of technical grade endothall and its

monoalkylamine salt are listed in Table A 2.

TABLE A.L. Nomenclature of Endothall and its Moncalkylamine Salt.

Chemical Structure @]
OH
OH
0
Common name Endothall
Molecular Formula C;H,00s
Molecular Weight 186.16
IUPAC name 7-oxabicyclo[2.2.1heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2.1lheptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed
Chemical Struzcture O
- HC
o \ .
N—CH.(n)CH
H,C
O n=7-17)

Common name

Endothall, mono-N,N-dimethylalkyl amine salt

Molecular Formula

Not availablg

Molecular Weight Average: 422

1UPAC name 7-oxabicyclo] 2.2.11heptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS name Noi available

CASH# 66330-88-9

PC Code 038305

Currenl Food/Feed Sile Regislralion

Comnon, hops, potato, alfalfa grown for seed, agualic uses

TABLE A.2. Physicochemical Properties of Endothall and Its Moenoalkylamine Salt.

Parameter | Value {Reference

Endothall {(acid)

Mecliing point 108-116C D187593, DI87590, and D187588,
5/5/93, K. Dockter

pH 2.7 a1 25 (1% solution) D187593, D1875590, and D187588

5/3/93, K., Dockter

Density, bulk density, or specific
 gravily

0,481 g/em’ {bulk) at 25C

5/5/93, K& Dockler

D87593, D187590, and D[87588,

109.8 g/L

13.1 g/180 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 /100 mL in water, pH 9

Water solubility a1 25

D166798, 7/2/92, K. Dockier
D207011, 9/30/94, F. Toghrol

3.4 g/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 g/100 mL in tetrahydrofuran

Solvent solubility at 25°C

D207011, 973094, F. Toghrol

DP# 3563 15/MRID Ne. 47520706

Page 3 of §
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TABLE A.2, Physicochemical Properties of Endothall and ts Monoalkylamine Salt.

Parameter

Value

Reference

Vapor pressure

3.92x 10° mm He a1 24.3°C

D166798, 7/2/92, K. Dockter

Dissocjation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20T (0.2%

solufion in 20% basic ethanol}; dissociation rate

1.8-2.3 % 10° pmho within 3-5 minutes at 0257,

by conductivity meter

D188708, 5/3/93, K. Dockter

QOctanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum

Naot available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

pH

52 a 25T (1% solution)

D187593,D187590, and 1187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1,028 g/ml a1 257

D187593, X187590, and D} 87588,
5/5/93, K, Dockter

Water solubility at 25

=>49.2 ¢/100mL. in water, pH 5
=51.6 /100 mL in water, pH 7
>49.8 g/100 ml. in water, pH 9

210814, 8/9/95, 8. Knizner

Solvent solubility at 25T

>102.5 g/100mL. in acetonitrile
>95.4 g/100 mL in n-octarol
>104.3 g/100 mL in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 x 107 mm Hg at 25¥ (caleulated; mixed
mono- and dialkylamine {C8-C20)}

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 207C for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
217 minutes (1.7 x 10° pmbo}at 251

31988835, 4/7/94, F. Toghrol

Qctanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10~ M and
8.9x 10°M, at 25T

D209995, 1/20/93, L. Edwards

UV/#visible absorption spectrum

Not available

B.

B.1.

EXPERIMENTAL DESIGN

Application and Crop Information

In a field trial conducted in FL (Zone 3) during 2006, tomatoes were irrigated with endothall-
treated water using overhead sprinklers (Table B.1.1). The irrigation water was treated with
endothall (2.0 1b ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid
equivalent. The tomatees were irrigated six times during flowering and fruit development at
RTIs of 8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for
each irrigation. Based on the concentration of the endothall and the actual amount of water
applied, application rate for endothall was equivalent to 1.13 1b ae/A/application, for a total of

6.77 b ac/A/season.
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TABLE B.1.1, Study Use Pattern.

?gﬁ;tig?ate. vear) End-Use App]icati?; infm“matiosn —

(Lity, 5 Product e ' olume ingle Rate R Total Rate

Trial 1D Method; Timing conoen. * | aliay? | (bae/A)’ | (days) | (Ibaerd)’

Oviedo, FL 2006 Six broadcast foliar

FL$27 2.0 Ib/gal | application during flowering 50 27,160~ 113 g 6.77

8C/L ! and frujt development using . 27,165 : '

overhead sprinklers.

The concentrate of endothall (in acid eguivalents) in the irrigation water, No adjuvants were included in the jreigation water,
The target irrigation rate was 1 acre inch of water or 27,154 gal/A.

? The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall {ae), the application
volume and plot size,

RTI = Retreatment Interval.

B.2. Sample Handling and Processing Procedures

Single bulk control and treated samples of mature tomatoes (85-95 Ib/sample) were harvested at
0 DAT and shipped the same day under ambient conditions by overnight courier to the
processing facility, GLP Technologies (Navasota, TX). The samples were held in cool storage 4
+ 3°C for 6 days until processing,

The tomato samples were processed according to simulated commercial procedures into puree
and paste (Figure B.1). A subsample of whole fruits was collected prior to processing, and the
bulk whole fruit samples were then cleaned and rinsed in hot water. The fruit was next chopped
to a fine consistency, heated to 91-97°C, and passed through a pulper/finisher to yield pulp and
juice fractions. The juice was adjusted to an acidity of pH <4.6 if necessary and then
concentrated under heat and vacuum to 8-24% solids for puree and 24-30% solids for paste.
Samples of puree and paste were collected and stored at <-10°C. Processing was completed
within 1days of harvest.

Within 3 days of processing, the subsamples for whole fruits and each processed fraction were
shipped frozen (on dry ice) by overnight courier to the analytical laboratory, Cerexagri, Inc.,
(King of Prussia, Pennsylvania). At the analytical laboratory, the samples were stored frozen
(<-18°C) prior to analysis.
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FIGURE B.1. Processing Flowchart for Tomate.

Sample # 2 [TREATED) Code # F {Treatmeni 02}

TOMATOES _76.0 Ibs.

Snrtlngii'claaning
i |}
UNEIT TOMATOES CLEANED TOMATOES  TRIM WASTE
7.4 )bs. 631 Jbs. 43 lbs.
|
Hod 8roak & Jutor Productian
_ I 1
TOMATO JUICE PULP
_36.3_lbs. 142 Ibs,
i 1
Buree, Production #anm Productien
l
Tomato fuice 28982 g Torinato Juice 6000 g
E‘-\iplomﬂﬂﬂ EwT:mlﬁﬂk
Tomato Puree 99554 Tomato Paste 828 o
Ca!m‘ng Car:!ning
Tomato Puree 837,70 Tomato Paste 793 0

B.3. Analytical Methodology

Residues of endothall (free acid) tn/on tomato fruit, puree and paste were determined using a
LC/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for Determination of

Endothall in Crops”, issued 5/4/2007.

For this method, residues were extracted twice by homogenizatton with water followed by
centrifugation and filtertng. Residues were then derivatized with HFTH in 50% H3PO, at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397-»166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
in/on tomato fruits, puree and paste is 0.05 ppm, and the LOD was estimated to be 0.002 ppm.

Control samples of tomatoes were fortified with endothall at 0.05-5.0 ppm for method validation.
For concurrent recoveries, control samples were fortified with endothall at 0.05 and 0.5 ppm for
whole fruits and at 0.05 and 2.0 ppm for paste.

DP# 356315/MRID No. 47520706 Page 6 of 8
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C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on tomato fruit, puree, and
paste was adequately validated prior to and in conjunction with the analysis of processing study
samples. Method validation recoveries averaged §9% with a standard deviation of 7% for whole
tomatoes (Table C.1). Concurrent recoveries averaged 101 and 86% for whole tomatoes and
tomato paste, respectively. Apparent residues of endothall were <L.OQ in/on all control samples.
Adequate sample calculations and €xample chromatograms were provided and the fortification
levels used for method recoveries were similar in magnitude to the measured residue levels.

Samples of tomato fruits, puree and paste were stored frozen at <-5°C for up to 80 days prior to
analysis (Table C.2). Adequate storage stability data are available indicating that endothall is
stable under frozen storage conditions for up to 467 days in whole tomatoes (47520719.der,
under review). These stability data will support the storage durations and conditions for the

tomato processing study.

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to tomatoes at
rates totaling 6.77 Ib ae/A, residues in/on whole fruits were 0.021 ppm at 0 DAT (Table C.3).
Residues in processed tomato puree and paste were <0.05 ppm and 0.069 ppm, respectively.
Although the report listed residues in whole fruit and puree as being <0.05 ppm, the raw data
contained information showing that residues were detectable in/on whole fruits; however, the
raw data for the puree fraction was not included in the report. The processing factor was 3.3x for
paste; however, the processing factor for puree could not be calculated. The theoretical
processing factors for tomato juice, puree and paste are 1.4x, 1.4x and 5.5x, respectively.

TFABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Fomato
Fruits and Paste.
Matrix Spike Level Sampie Size Recoveries Mean * Std. Dev, !
(ppm) {n) (%) (%)
Melhod Validation
0.05 3 82,79, 84 8§23
Tomato fruit 0.5 3 100, 92, 97 96+ 4
5.0 3 86, 93, 92 90+ 4
Total 9 79-100 897
Concurrent Recoveries
Tomato fruit 0.05 ! 104 101
0.5 1 o8
Tomato paste 0.65 0.05 2 86
1.G 2.0 30

Standard deviations are calculated for data sets having 23 values.

DP# 356315/MRID No. 47520706
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TABLE C.2.  Summary of Storage Conditions.

Matrix Storage Temperature Actual Storage Duration Interval of Pemonstrated
(°C) (days)' Storage Stability (days)?

Wholc tomatoes <5 77-80 467

Puree and paste &0

Interval from harvest to extraction for analysis. Samples were extracted up to | day prior to analysis.
2 Endothall is stable under frozen Storage conditions for up to 467 days in tomatoes (47520719.der under review).

TABLE C.3.  Residue Data from Tomato Processing Study with Endothall Monoalkylamine Salt (SC/L).
RAC Processed Commodity Total Rate ' PHI Residues Processing
ppm | Ibae/A (days) (ppm)* Factor
Tomato Whole fruit (RAC) 0.021° -
Puree 50 6.64 0 0.044 ¢ 2.ty
Paste 0.069 3.3x

The rate is expressed both in terms of the cencentration in the irrigation water {(ppm) and the total amount (Ib ae/A) applied.

?* Expressed in acid equivalents. The LOQ is 0.05 ppm and the estimated LOD is 0.002 ppm.

> Although reported as <LOQ, detectable endothall residues (=LOD) were reported in the raw data (page 64).

* Raw residue data were not formally reported for the puree sample; however, on page 81 residue values below the LLMV, but
above the LOD are provided as 0.02t in raw fruit, 0.044 pprm in puree, 0.069 in paste. The values of 0.021 and 0.06% are
formally considered acceptable. There seems little reason to reject the 0.044 ppm value when it provides a processing factor
that is somewhat conservative relative 10 the theoretical factor, and makes reasonable sense given the mass balance estimates.

D, CONCLUSION

The tomato processing study is adequate. Endothall residues appear roughly to concentrate by
2.1x in tomato puree, and by 3.3x in tomato paste, however both factors are based upon values
that are all below the LLMYV of the method.

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); Willtam Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
PC Code: 038901 and 038905

Template Version June 2005
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Primary Evaluator 4 7/ . 4;/‘/[ W% Date: 5 June 2009

David Soderberg, Chepist, RABV, HED

Approved by ﬁu ] ﬂ_! N ()d ) g Date: 5 June 2009
William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office

of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520708, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit,
Citrus Group: Lab Project Number: 29759, 29759.07-CERO8 Unpublished study prepared by
Interregional Research Project No. 4. 230 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
oranges to endothall through the use of treated irrigation water. In two orange field trials
conducted during 2006 in Zones 3 and 10, a 2.0 Ib ae/gal soluble concentrate (SC/L) formulation
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae.
[In order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to
the orange trees during fruit development as six broadcast foliar applications using overhead
sprinklers, at retreatment intervals (RTIs) of 5-8 days. A volume equivalent to ~1 acre inch of
water (27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rates for endothall were equivalent to
1.10-1.13 tb ae/A/application, for a total of 6.63-6.78 Ib ae/A/season.

Single control and duplicate treated samples of oranges were harvested from each test on the day
of the final application (0 days after treatment, DAT), and samples were stored at <-18°C for up
to 107 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on oranges were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracled with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQO4. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (LOQ) for endothall infon oranges is 0.05 ppm, and the estimated
limit of detection was 0.0025 ppm.

DP# 356315/MRID No. 47520708 Page | of 9
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.63-6.78 b ae/A/season), endothall residues were <LOQ in/on four orange samples at 0 DAT.
However, detectable residues were found on all four samples at 0.021-0.028 ppm. The average
and highest average field trial (HAFT) residues were <0.05 ppm in/on oranges.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the orange field trial residue data are
scientifically acceptable. Although limited field trials were performed, these applications are
expected to be conservative relative to actual inadvertent applications. The acceptability of this
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry
Summary Document [DP# 356315].

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical ¢lass.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 0389035) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfaifa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of oranges with endothall-treated water.
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in
Table A.1. The physicochemical properties of technical grade endothall and its monoalkylamine

salt are listed in Table A.2.
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Tahle A.1. Nomenclature of Endothall and its Monecalkylamine Salt.

Chemical Structure 0
OH
OH
O
Common name Endothall
Molecular Formula CsH, 505
Molecular Weight 186.16

1UPAC name 7-axabicycle[2.2.1Theptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2, 11heptane-2,3-dicarboxylic acid
CAS # 145-73-3
PC Code 038501
Current Feod/Feed Site Catton, hops, potato, alfalfa grown for sced
| Registration
Chemical Structure O
- H.C
0 N,
N—CH,(n)CH
OH y ,(mCH,
H.C
O (=717}
Common name Endothall, mono-N,N-dimethylalkyl amine salt

Molecular Fermula

Not available

Molecular Weight

Avcrage: 422

TUPAC name 7-oxabicyclo[2.2. 1]heptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Net available

CAS# 6633(-88-9

PC Code 038005

Current Food/Feed Site Cotton, hops, petato, alfalfa grown for seed, aquatic uses

Registration

Table A.2. Physicochemicnl Properties of Endethall and Its Monoalikylamine Salt,

Parameter [Value ] Reference

Endothall (acid)

Melting point 108-110C D187593, D187590, and D187588,
5/5/93, K.. Dockter

oH 2.7 at 257 (1% solution) D187593, D1875%0, and 0187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

187593, D187550, and D187588,

0.481 glem’ (bulk) at 25°C
5/5/93, K. Dockter

Water solubility at 25

D166798, 7/2/92, K. Dockter
D207011, 5/30/94, F. Toghrel

109.8 g/L
13.1 g/100 mL in water, pH §

12.7 g/100 ml in water, pH 7
12.5 g/100 mL in water, pH 8

Solvent solubility at 25C

3.4 g/100 mL in acetonitrile D207011, $/30/94, F. Toghrol
2.4 g/100 ml in n-octanol

16.0 g/100 mL in tetrahydrofuran

Vapor pressure

D166798, 7/2/92, K. Dockter

3,92 x 10~ mm Hg at 24.3T

DP# 356315/MRID Ne. 47520708
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt.

Parameter Value Reference

Dissociation constant, pK, 4,32 for Step 1 and 6.22 for Step 2 at 20°C (0.2% | D188708, 5/3/93, K. Dockter
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x [0* gmho within 3-5 minutes at 725C,
by conductivity meler

QOclanol/water parlition coefficient | Not applicable to endothall acid D166798, 7/2/92, K. Dockter

UVivisible absorption spectrum No available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point No available

pH 5.2 at 25C (1% solution) D187593, D187590, and D187588,
5/5/93, K. Dockler

Density, bulk density, or specific  [1.028 g/mL at 25 D187593, D187590, and D187588,

gravity 5/5/93, K. Dockter

Water solubility at 25°C 249.2 g/100mL in water, pH 5 D210814, 8/9/95, 8. Knizner

»51.6 /100 ml in water, pH 7
>49.8 g/100 mL in water, pH 9
Solvent solubility at 25T 2102.5 g/100ml. in acelonitrile D210814, 8/9/95, S. Knizner
»95.4 ¢/100 mL in n-octanol

>104.3 /100 mL in tetrahydrofuran

Vapor pressure 2.09 x 10”° mm Hp at 251 (calculated; mixed D206344, 9/22/94, F. Toghrol
mono- and dialkylamine (C8-C20Y)
Dissociation constant, pX, 424 for Step 1 and 6.07 for Step 2 at 261 for D198883, 4/7/94, F. Toghrol

mixcd mono- and dialkylamine ({C8-C20) in
acidified ethanol/water; dissociation complete
317 minutes (1.7 x 10° ymho) at 25T
Oclanol/water partition cocfficient [Kow 2.097 at concentrations of 8.9 x 107 Mand | D209993, 1/20/95. L. Edwards
8.9x 10°M, a1 25T
UV/visible absorption spectrum Mot available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two orange field trials were conducted in Zones 3 and 10 during 2006 (Table B.1.1). The
irrigation water used in each test was treated with endothall (2.0 1b ae/gal SC monoalkylamine
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the orange
trees during fruit development as six broadcast foliar applications using overhead sprinklers, at
RTIs of 5-8 days. A volume equivalent to ~! acre inch of water (~27,154 gal/A) was applied for
each application. Based on the concentration of the endothall and the amount of water applied,
application rates for endothall were equivalent to 1.10-1.13 Ib ae/A/application, for a total of
6.63-6.78 1b ae/A/season (Table B.1.3). These applications are expected to be conservative
relative to actual applications.

DP# 356315/MRID No. 47520708 Page 4 of 9 '? 7
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TABLE B.[.1. Trial Site Conditions.
. . a 1
Trial 1dentification (City, Statc; Year) Soil characteristics
Type SeOM pH CEC (meq/100g)

Dinuba, CA 2006 .
CAS11 Sandy Loam 1.4 5.1 13.8
Oviedo, FL 2006

FLS10 Sand 1.1 53 28
These parameters are optional ¢xcept in cases where their value affects the use pattern for the chemical.

TABLE B.1.2, Water Characterization.

Study site | Wat?r characteristics

Type Hardness/Salinity pH Turbidity Dissolved OM

Dinuba, CA 2006

CAS1I Well NR NR NR NR
COviedo, FL 2006 .

F1$10 Artesian Well NR NR NR NR

NR = Not reported.

The actual temperature recordings and rainfalf were typical for each site and no unusuaf weather
conditions were reported. No additional irrigation was reported during the study penod. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).
TABLE B.1.3. Study Use Pattern.
Tocation End-Use Application Information
(City, State; Year) | Method: Timin Concen. ! | Yolume [ Single Rate | RTI * | Total Rate
Trial tD ’ g © b (gallA)? | (lbae/A)® | (days) | {Ibae/A)®
Dinuba, CA 2006 Six broadcast foliar
CAS11 2.0 Ib/pal | application during fruit
sC development using overhead 50 27,150 113 78 6.78
sprinklers.
Oviede, FL 2006 Six broadcast foliar
FL$10 2.0 Ib/gal | application during fruit 50 26,701~ |10 66
5C development using overhead ) 26,721 ’ '
sprinklers,

The target irrigation ratc was 1 acre inch of water or 27,154 gal/A.
1 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothatl {ac), the application

volume and plot size.
RTI = Retreatment Interval,

s

The congentration of endothall {in acid equivalents) in the irrigarion water. No adjuvants were in¢luded in the irrigation water.

DP# 356315/MRID No, 47520708
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TABLE B.1.4. Trial Numbers and Geographical Locations.

NAFTA Orange

Growi:;g Submitted Requested’

Zones Conoda U,

wiemlaohviwl e iw it -
i

—

<
fa—
w

—
—
(]

(]

(8]
i

13

Total 2 -~ 12
Based on EPA OPPTS Guideline 860.1500.
? Zones 1A, 5 A and B, 7A and 14-21 were not included as the proposed use is for the U.S. only.

B.2, Sample Handling and Preparation

Duplicate control and treated samples (8.5 Ib sample, 24 fruits) of oranges were harvested at 0
DAT (after the sixth application) and placed in frozen storage at the test facility within 6 hours.
Samples were stored frozen at the field sites for 0-34 days prior to shipment by ACDS Freezer
truck to the analytical laboratory, Cerexagri, Inc. (King of Prussia, PA), where the samples were
stored at <-18°C until analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on oranges were determined using a LC/MS/MS method
(Method No, KP-242R 1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;PO;4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397--166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
in/on oranges is 0.05 ppm, and the LOD was estimated to be 0.0025 ppm.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of oranges were fortified with endothall at 0.05-5.0 ppm for method
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validation, and control samples were fortified with endothall at 0.05-1.0 ppm for concurrent

recoveries,

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on oranges was adequately
validated prior to and in conjunction with the analysis of field trial samples. Method validation
recovery averaged 75% with a standard deviation of 4%, and concurrent recoveries averaged
73% with a standard deviation of 2% (Table C.1). Apparent residues of endothall were <LOD
in/on all control samples. Adeguate sample calculations and example chromatograms were
provided and the fortification levels used for method recoveries were similar in magnitude to the
measured residue levels.

Orange samples were stored frozen at <-18°C for up to 107 days prior to analysis. Adequate
storage stability data are available indicating that endothall is stable in frozen tomatoes for up to
467 days (47520719.der, under review). These data will support the storage durations and
conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.63-6.78 lb ae/A/season), endothall residues at 0 DAT were <LOQ in/on four orange samples;
however, detectable residues were found on all four samples at 0.021-0.028 ppm (Table C.3).

The average and HAFT residues were 0.05 ppm infon oranges (Table C.4).

No phytotoxicity was reported on the treated trees. Common cultural practices were used to
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this
study did not have a notable impact on the residue data.

TABLE C.I.  Summary of Method Validation and Concurrent Recoveries of Endothall from Oranges,
Matrix Spike Level Sample Size Recoveries Mean = S1d. Dev.
{ppm) () (%) (%)
Methad Validation ]
(.05 3 76,73, 74 74x2
0.5 3 72,72,73 72 % |
Fruit 5.0 3 76, 73, 85 78 £ 6
Total 9 72-85 75+ 4
Concurrent Recoveries
0.05 2 76,71 74
4.5 1 74 74
Fruit 1.0 1 72 72
Total 4 71-76 7342

Standard deviations are calculated for data sets having >3 values.

DP# 356315/MRID No. 47520708
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TABLE C.2, Summary of Storage Conditions.

Matrix Sterage Temperature Actual Storage Puration Intervat of Demonstrated
(°C) (days)’ Storage Stability (days) 2

Orange fruit <-t% 105-107 467

Interval from harvest to extraction for analysis. Extracts were stored up to 2 days prior to analysis,
Z Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review).

TABLE C.3. Residue Data from Orange Field Trials with Endethall Monoalkylamine Salt (SC/L).

Trial ID . . Total Rate ' PHI .

) Z Variet Mat 33
(City, State; Year) one ariety atrix - o] (days) Residues (ppm)
Dinuba, CA 2006 Rush
CAS11 10 Thompson Fruit 5.0 6.78 0 (0.024) (0.028)

fmproved
Ovicdo, FL 2006 . .
F1S10 3 Hamlin Fruit 5.0 6.63 0 (0.022) (0.021)

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (lb ae/A) applied.

2 Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD was estimaied to be 0.0025 ppm. Values <L.OQ but 2LOD
are listed in parentheses.

* The two results for each field trial represent two samples taken from a single plot, not twe plots.

TABLE C4.  Summary of Residue Data from Orange Field Trials with Endothalj Monoalkylamine Salt
(SC/L).
: 2
Commodity Total Ap?lic. PRI Residue Levels (p[;f:;d‘ —
Rate days i 3 Han ean
(days) | N Min. Max. HAFT? | omnar) | (sTMR) | 16 Deve
3 ppm
Orange (6.63-6.78) 0 2 0.0215 0.026 0.026 0.024 0.024 0.0032

The value in parcmhcscs is the total application rate in terms of Ih ae/A.

2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For al! values reperted <LOQ, the LOQ was used for
all calculations.

* HAFT = Highest Average Field Trial.
D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of citrus trees. The data support the use of endothall in irrigation water at a
concentration of 5 ppm (ae), with no more that six applications per season and a roinimum 7-day
tnterval between applications to the water. Restdues in oranges are determined at a 0-day PHIL

DP# 3563 15/MRID No. 47520708 Page 8 of 9
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Primary Evaluator / /QL/,;] / M Date: 5 June 2009

David Soderberg, Chemist, RABV {ED

Approved by L{J ,E é é{,.. 6){1 R &WM—/ Date: 5 June 2009
William Donovan, Senior Scientist, R}(BV,
HED A

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the
Health Effects Division (HED} and revised as necessary for clarity, correctness or to reflect current Office
of Pesticide Programs (OFP) policies.

STUDY REPORT:

47520701. Arsenovic, M. (2008) Endothall (Hydrothol 191 and Aquathol K): Magnitude of the
Residue on Vegetable, Root and Tuber Group: Lab Project Number: Z9762. Unpublished study
prepared by Interregional Research Project No. 4. 389 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
representative root and tuber vegetables to endothall through the use of treated irrigation water.
Two field trials each were conducted on sugar beets, carrots, and potatoes in Zones 5, 10 and 11
during 2006-2007. In each test, a 2.0 Ib ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. {In
order to avoid the complications of different molecular weights for the different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] In addition, in the two sugar beet
field trials, side-by-side test were also conducted using the dipotassium salt of endothall applied
to the irrigation water at a concentration of 3.5 ppm ae. The treated water was applied during
vegetative development as six broadcast foliar applications using overhead sprinklers, at
retreatment intervals (RTIs) of 6-8 days. A volume equivalent to ~1 acre inch of water (27,154
gal/A) was applied for each application. Based on the concentration of the endothall and the
amount of water applied, the application rates for the monoalkylamine salt of endothall were
equivalent to 1.13-1.14 b ae/A/application, for a total of 6.77-6.83 lb ae/A/season (Table B.1.3).
The application rates for the dipotassium salt were equivalent to 0.80-0.81 Ib ae/A/application,
for a total of 4.80-4.88 |b ae/A/season.

Single control and duplicate treated samples of sugar beet roots and tops, carrot roots and potatu
tubers were harvested from the respective tests on the day of the final application (0 days after
treatment, DAT). Carrot, potato, and sugar beet samples were stored at <-18°C for up to 272, 58,
and 64 days, respectively, prior to analysis. These sample storage intervals are supported by the
available storage stability data.

Residues of endothall {free acid) were determined using an adequate LC/MS/MS method
(Method No. KP-242R1). For this method, residues were extracted with water and then

DP# 356315/MRID No. 47520701 Page 1 of 12
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derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQ4. The derivatized residues
were cleaned up by partitioning into methyl! t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are also expressed in endothall acid equivalents.
The validated limit of quantitation (LOQ) for endothall in/on onions is 0.05 ppm, expressed in
acid equivalents.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm ae (6.77-6.83 1b ae/A/season), endothall residues at 0
DAT were 1.11-1.62 ppm infon 4 samples of sugar beet tops, 0.136-0.591 ppm infon 4 samples
of sugar beet roots, 0.062-0.088 ppm infon 4 samples of carrot roots, and 0.067-0.103 ppm in/on
4 samples of potato tubers. Average endothall residues were 1.34 ppm for sugar beet tops, 0.330
ppm for sugar beet roots, 0.078 ppm for carrot roots, and 0.080 ppm for potato tubers. The
highest average field trial (HAFT) residues were 1.37 ppm for sugar beet tops, 0.493 ppm for
sugar beet roots and 0.088 ppm for both carrot roots and potato tubers. No residue decline data

were provided.

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm ae (4.80-4.88 1b ae/A/season), endothall residues at 0 DAT were
0.523-1.28 ppm in/on 4 samples of sugar beet tops and 0.115-0.345 ppm in/on 4 samples of
sugar beet roots. Average endothall residues were 0.821 ppm in/on sugar beet tops and 0.224
ppm infon sugar beet roots, and HAFT residues in/on sugar beet tops and roots were 1.11 and

0.331 ppm, respectively.

Although average endothall residues infon sugar beet tops and roots were clearly Tower (0.6-
0.7x} for the dipotassium salt formulation than for the monoalkylamine salt formulation, direct
comparison of the two formulations is not possible because the two formulations were applied at
different rates. The monoalkylamine salt was applied at 5 ppm ae, whereas the dipotassium salt
was applied at 5.0 ppm, as the salt, which is 3.5 ppm ae, that is, the dipotassium salt is applied at
0.7x the rate of the monoalkylamine salt. [Note that these two different application rates are
each entirely consistent with different label directions for the two salts. The two labels specify
recipes that lead to application of the dipotasium salt at 5 ppm as the salt, and application of the
alkylamine salt as 5 ppm as the free acid.]

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the field trial residue data for the
monoalkylamine salt of endothall are scientifically acceptable. However, as explained above,
the field trial data for the dipotassium salt were not appropriate for direct comparison with the
monoalkylamine salt because the dipotassium was applied at 0.7x the rate of the
monoalkylamine salt. Although only very limited field trials, with a single plot each, were
performed for each crop, the trials were performed to be conservative relative to actual likely
inadvertent treatments of these crops with endothall. The acceptability of this study for
regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary
Document, DP# 356315.

DP# 356315/MRID Ne. 473520701 Pape 2 0f 12
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COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2 3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquattc herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
esler at 0.1 ppm infon cotton seeds, fish, dried hops and potatoes, and at .05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),

IR-4 has submitted field trial data reflecting irrigation of representative root and tuber vegetables
with endothall-treated water. The chemical structure and nomenclature of endothall and its salts
are listed in Table A.1. The physicochemical properties of technical grade endothall and its salts

are listed in Table A 2.

Table A.1. Structure and Nomenclature of Endolhall and its Salts.

Chemical Structure O
OH
OH

O

Common name Endothall

Muolecular Formula CeH n0Os

Molecular Weight 186.1¢6

IUPAC name 7-oxabicyclo[2.2. 1 heptane-2,3-dicarboxylic acid

CAS name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid

CAS# 143-73-3

PC Code 033901

Current Food/Feed Site Registration | Cotton, hops, potalo, alfalfa grown for seed

DP# 356315/MRID No. 47520701 Page 3 of 12
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Table A.1. Structure and Nomenclature of Endothall and its Salts,

Chemical Si1ructure 0O
- +
G
-t
O
O
Common name Endothall, dipotassium salt
Molecular Formula CoH K05
Molecular Weight 262.33
IUPAC name Not available
CAS name Not available
CASH# 2164-07-0
PC Code 038904
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed, aguatic uses
Chemical Struclure 0,
0 H,C .
oK /N CH,(n)CH,
| H,C
0 {n=7-17)
Common name Endothall, mon o-N,N-dimethylalkyl amine salt
Molecular Formula Not available
Molecular Weight Average: 422
JUPAC namc 7-oxabicyclo{2.2, 13heptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine
CAS name Not available
CAS # 65330-88-%
PC Code 038905
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2. Physicochemical Properties of Endothall and Salts.

Parameter [ Valae [Reference

Endothall (acid)

Melting point 108-110T DI87593, D187590, and 187588,
5/5/93, K. Dockter

pH 2.7 at 25 (1% solution) 187593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

2187563, D187590, and D187588,

0.481 gfem’ (bulk) at 25
5/5/93, K. Dockier

Water solubility at 257

D166798, 1/2/92, K. Dockter

109.8 g/L.
D207011, 9/30/94, F. Toghtol

13.1 g/100 mL in water, pH 5
12.7 ¢/100 mL in water, pH 7
12.5 g/100 ml in water, pH 9

Solvent solubility at 25C

3.4 g/100 mL. in acelonilrile D207011, 9/30/94, F. Toghrol
2.4 g/100 mL in n-octanol

16.0 g/100 mL in tetrahydrofuran

Vapor pressure

3.02 % |07 mm He at 24.3C D166798, 1/2/92, K. Dockter

DP# 356315/MRID No. 47520701
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Table A.2. Physicochemical Properties of Endothall and Salts.

Parameter

Value

| Reference

Dissociation constant, pK,

4.32 for Step 1 and 6.22 for Step 2 at 20°C (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10* wmho within 3-5 minutes at 25T,
by condugtivity meter

D 188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92 K, Dockter

UV visible absorption spectrum

Mot available

Endothall, dipotassium salt

Melting point

>360T

DI187393, D187590, and 3187588,
5/5/93, K. Dockter

pH

9.1 at 25 C (% solution)

D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.766 g/em! (bulk) at 25

DI187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubility

>65 g/100 mL in water, pH 5, pH 7, and pH 9

D214691, 6/7/95, D. Hrdy

Solvent solubility

<0.001 g/100 mL in acetonitrile, n-octanol, and
tetrahydrofuran

D214691, 6/7/95, D. Hrdy

Vapor pressure

Notapplicable. An organic acid K salt is
anticipated 1o have an insignificant vapor pressure.

D1780835, 6/18/92, 8. Funk

Dissociation constant, pK,

4.16 for Step 1 and 6.14 for Siep 2 at 20T in
water; dissociation eomplete at 5 mins {t3.6 x 10"

umho)

D304027, 6/10/2004, D. Soderberg

Octanol/water partition coefficient

Kaw <0.02 and <0.3 at concentrations of 9 x 167
M and 9 x 107 M, respectively, at 25T

D210814, 8/9/95, S. Knizner

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

pH

5.2 at 25T (1% solution)

187593, D187590, and D1 87588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mL a1 25T

D187593, D187590, and D 187588,
5/5/93, K. Dockter

Water sotubility at 257

>49.2 o/100mL in waler, pH 5
251.6 g/100 mL in water, pH 7
>49.8 g/100 mL in water, pH 9

D210814, 8/9/95, 5. Knizner

Solvent solubility at 25T

>102.5 g/100mL in acetonitrile
>05.4 g/100 mL in n-octanol
>t04.3 /100 mL in tetrehydrofuran

D210814, 8/9/93, S, Knizner

Yopor pressure

2.09 % 10° mm Hg at 23 (calculated; mixed
monga- and dialkylamine (C8-C20)}

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4,24 for Step 1 and 6.07 for Step 2 at 20T for
mixed mono- and dialkylamine {C8-C20} in
acidified ethanol/water; dissociation complete
017 minutes (1.7 x 10° pmho} at 25T

2198885, 4/7/94, F. Toghrol

Octanol/water partition cocfficient

K gw 2.997 at concentrations of 8.9 x 107 M and

8.9%x 10* M, at 25°C

209995, 1/20/95, L. Edwards

UV /visible absorption spectrum Not available
B. EXPERIMENTAL DESIGN
B.1. Study Site Information

During 2006-2007, two sugar beet field trials were conducted in Zones 5 and 10, two carrot field

trials were conducted in Zones 5 and 10, and two potato field trials were conducted in Zones 5
and 11 (Table B.1.1). The irrigation water used in each test was treated with endothall (2.0 1b

DP# 356315/MRID No. 4752070
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ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. In addition, in
the two sugar beet field trials, side-by-side test were also conducted using the dipotassium salt of
endothall applied to the irrigation water at a concentration of 3.5 ppm, acid equivalent. HED
notes that although the dipotassium salt was applied at a concentration of 5 ppm ai, this rate is
equivalent to a concentration of 3.5 ppm, acid equivalent. The treated water was applied in each
test during vegetative development as six broadcast foliar applications using overhead sprinklers,
at RTIs of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,000 gal/A) was applied
for each application. Based on the concentration of the endothall and the amount of water
applied, the application rates for the monoalkylamine salt of endothall were equivalent to 1.13-
1.14 1b ae/A/application, for a total of 6.77-6.83 Ib ae/A/season (Table B.1.3). The application
rates for the dipotassium salt were equivalent to 0.80-0.81 Ib ae/A/application, for a total of 4.80-
4.88 1b ae/A/season. These rates are expected to be conservative relative to actual inadvertent

applications.

TABLE B.1.1. Trial Site Conditions.

Trial 1dentification {City, State; Year) Type 2ol cl:;z;;eristics' oH TCEC (taeq/100g)
Sugar Beet

f;;g“{';" MI 2007 Loam 2.7 69 9.8

gi\rgig Grande, CA 2007 Sandy Loam 1.2 6.6 8.6
Carrot

%;‘;‘g‘a’ ML 2007 Loamy Sand 2.1 6.2 73

Arroyo Grande, CA 2006 Sandy Loam 1.9 57 12.6
Potato

gﬁgizllin, MI 2007 Loam 2.1 I 6.5 9.0

FS%;Z{;C’ I 2067 Loam 26 6.4 212

These parameters are optional except in cases where lheir valuce affects the use pattern for the chemical.

TABLE B.1.2, Water Characterization.

Study site Water characteristics
Type Hardness/Salinity pH Turbidity | Dissolved OM

z(\:d t};*ldgm M1 2007 Well NR NR NR NR
éigg Grande, CA 2007 well NR NR NR NR
1:;11;3?3: Ml 2007 well NR NR NR NR
érqr;gg Grande, CA 2006 Well NR NR NR NR
g{c}ggllin, Ml 2007 Well NR NR NR NR
If’gﬁtaw 1D 2607 well NR NR NR NR

DP# 356315/MRID No. 47520701 Page 6 of 12
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NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. Aside from the ireated-irrigations, no other irrigation was reported
during the study period. The tests were conducted according to normal agricultural practices for
the regions, and information was provided on maintenance pesticides and fertilizers used at each
site. No information was provided on the characteristics of the water used for irrigation, other
than the source (Table B.1.2).

TABLE B.1.3. Study Use Pattern.
T.ocation Bnd-Use Application Information
(City, State; Year) ! Concen. | Volume |SingleRate| RTI | Total R
Trial Product Method; Timing n I me | Single Rate o ate
Tia : (ppm) (gal/A)® | (bae/A)* | (days)® | (Ibae/A)!
Sugar Beet
Conklin, M1 2007 2.0 1b/zal Six overhead sprinkler
MIS19 se f applications during 498 1.13 7 6.77
vegetative development 27,156~
3.0 Ib/eal Six overiead sprinkler 27,160
) ch applications during 35 0.80 7 4,80
vegetative devclopment
Asroyo Grande, CA 2.0 lo/aal Six overhead sprinkler
2007 : Scf applications during 498 1.13 7-8 6.79
CAR22 vegetative development 27149
Six overhead sprinkler ’
3 /&2l | applications during 35 0.8) 7.8 4.8
vegetative development
Carrot
Ravenna, Ml 2007 Six overhead sprinkler ' i
MI$20 20 breal | applications during 498 | 2000 113 6-7 6,17
vegetative development :
Arroyo Grande, CA | 0 Ib/gal Six overhead sprinkler
2006 'S Cmga applications during 4.98 27,148 1.13 6-8 6.79
CA306 vegetative development
Potato
Conklin, M1 2007 Six overhead sprinkler }
MI%21 2.(;(1;:2;;1! applications during 4.98 22—;’ l}f&?} 1.13 7 6.77
vegetative development '
Payetie, IT} 2007 2.0 Ib/eal Six overhead sprinkler '
1D$23 SO f applications during 5.04 27,117 1.14 7-8 6.83
vegetative development

" The two formulations used are expressed in 1b acid equivalent/gal. The monoalkylamine salt is a 2.0 Ib ae/gal SC/L and the
dipotassium salt is a 3.0 Ib ae/gal SC/L. When applied according to the label directions, the maximum concentration for
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium salt.

2 The concentration of endothall {in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.

* The target irrigation rate was | acre inch of water or 27,154 gal/A.

* The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot sizc.

RT1 = Retreatment Interval.

DP# 3563 L5/MRID Ne. 47520701 Page 7 of 12
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TABLE B.1.4. Trial Numbers and Geographical Locations.
NAFTA Carrot Potato Sugar beet
Growing Submitted Requested ! Subsmitted Requested ! Submitted ]  Requested
Zones Canada U.8, Canada .S, Canada U.S.
1 - - - - 3 2 - w -
1A - 1 - - 4 - - - -
- - - - - 1 - . -
1 2 1 1 3 -- 1? 2 5
5A - - - - 1 - o - -
5B - 2 - - I - - - -
- - t - -- 4 - - 1
7 - - - - - - - - -
7A - - — - - 1 - 2 1
8 - - - - - - - - 1
9 - - - .- - - - - 2
10 1 . 4 - - 1 E - 5
11 - .- { 1 v 1 - - -
12 - . - - { 6 - - -
Total 2 5 8 [61° 2 16 16 f121° 2 5 12 f9

. Based on EPA OPPTS Guideline 860.1500.
* The two sugar beet ficld trial included side-by-side tests compared the monoalkylamine and dipotassium salts of endothal)

(total of 4 tests).
* The number in brackets indicates the 25% reduction in the number of field trials allowed for support a crop group tolerance.

B.2. Sample Handling and Preparation

Sugar beet tops and roots, carrot roots, and potato tubers were harvested at 0 DAT (after the sixth
application). A single control and duplicate treated samples of sugar beet roots and tops (25.25
lbs/sample), carrot roots (25.75 Ibs/sample), and potato tubers (=10.5 lbs/sample) were collected
from each test and placed in frozen storage at each test facility within 3 hours. Samples were
stored frozen at the field sites for 1-27 days. Samples were then shipped by ACDS freezer truck
to the analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored frozen
(<-18EC) until analysis.

B.3. Analytical Methodology

Residues of endothall {free acid) in/on carrots, potatoes and sugar beets (tops and roots) were
determined using a LC/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for
Determination of Endothall in Crops™, issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3POy4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
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evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTRBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues, and residues are expressed in endothall acid equivalents. The validated LOQ for
endothall in/on onions is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this value
was the instrument LOD, rather than the LOD of residue in a conirol matrix.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of carrot and sugar beet roots were fortified with endothall at 0.05-5.0
ppm for method validation. For concurrent recoveries, control samples were fortified with
endothall at 0.05-0.1 ppm for carrot root, 0.05-0.5 ppm for potato tuber and sugar beet root, and
0.05-2.0 ppm for sugar beet tops.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on sugar beet, carrot, and
potato was adequately validated prior to and in conjunction with the analysis of field trial
samples. The average method validation recoveries (£S.D.) were 76 + 5% for carrot root and 82
& 8% for sugar beet root. The average concurrent recoveries (£5.D) were 78 + 3% for carrot
root, 80 = 8% for potato tuber, 81 + 5% for sugar beet tops and 79 + 8% for sugar beet root.
Apparent residues of endothall were <LOQ in/on control samples of each matrix. Adequate
sample calculations and example chromatograms were provided, and the fortification levels used
for the method recoveries were similar in magnitude to the measured residue Jevels.

Carrot, potato, and sugar beet samples were stored at <-18°C for up to 272, 58, and 64 days,
respectively, prior to analysis (Table C.2). Adequate storage stability data are available
indicating that endothall is stable in frozen lettuce and sugar beet roots for up to 465 days
(47520719 .der, under review). The stability data for lettuce and beet roots will support the
storage durations and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.77-6.83 b ae/A/season),
endothal] residues at 0 DAT were 1.11-1.62 ppm infon 4 samples of sugar beet tops, 0.136-0.591
ppm infon 4 samples of sugar beet roots, 0.062-0.088 ppm in/on 4 samples of carrot roots, and
0.067-0.103 ppm in/on 4 samples of potato tubers (Table C.3). Average endothal] residues were
1.34 ppm for sugar beet tops, 0.330 ppm for sugar beet roots, 0.078 ppm for carrot roots, and
0.080 ppm for potato tubers {Table C.4). The HAFT residues were 1.37 ppm for sugar beet tops,
0.493 ppm for sugar beet roots and 0.088 ppm for both carrot roots and potato tubers. No
residue decline data was provided.

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm, acid equivalents (4.80-4.88 1b ae/A/season), endothall residues at 0
DAT were (.523-1.28 ppm in/on 4 samples of sugar beet tops and 0.115-0.345 ppm in/on 4
samples of sugar beet roots. Average endothall residues were 0.821 ppm in/on sugar beet tops

DP# 356315/MRID No. 47520701 Page 9 of 12
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and 0.224 ppm inYon sugar beet roots, and HAFT residues in/on sugar beet tops and roots were
1.11 and §.331 ppm, respectively.

Although average endothall residues in/on sugar beet tops and roots were clearly lower (0.6-
0.7x) for the dipotassium salt formulation than for the monoalkylamine salt formulation, direct
comparison of the two formulations is not possible because the two formulations were applied at
different rates. The monoalkylamine salt was applied at 5 ppm acid equivalents; however, the
dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of the
monoalkylamine salt. As explained previously, these different application rates are consistent
with the two different labels.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study are not expected to have had a notable
impact on the residue data. No phytotoxicity was reported in any of the tests,

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall fram Carrot,
Potato and Sugar beet,
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev. '
(ppm) ) (%) (%)
Method Validation
0.05 3 78,71, 72 74+ 4
Carrot, soot 0.5 3 74,73, 73 73k 1
5.0 3 86, 80, 78 Blx4
Total 9 71-86 HET)
0.05 3 71,73, 74 T3k2
Sugar beet, root 0.5 3 89, &1, 78 836
3.0 3 95, 90, 83 8946
Total 9 7195 828
Coneurrent Recoveries
0.05 2 75, 719 77
Carrot, root 0.1 2 75, 82 79
Total 4 75-82 78+ 3
0.05 2 83, 89 &
Potato, luber 9.25 ! 78 ’8
0.5 i 71 81
Total 4 71-89 808
0.05 2 84,75 80
1.0 1 86 36
Sugar beet, tops 50 : p o
Total 4 75-86 1x5
0.05 2 74,73 74
Sugar beel, rool 0.5 2 90, 79 85
Tolal 4 7390 EEE T
Standard deviations swere calcuialed only for dalasets having =3 values.
DP# 336315/MRID No. 47520701 Page 10 of 12
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TABLE C.2. Summary of Storage Conditions.

i . Interval of Demonstrated
Matrix Storage ;l;ﬁ’giperature Actual S:’g;agst; IDuratmn Storage Stability

Y {days)

Carrot 33272
Potato <18 41-58 465
Supar beet tops 47-64
Sugar beet roots 47-64

Interval from harvest to extraction for analysis, Extracts were stored 0.5 days prior to analysis,
? Endothall is stable in frozen lettuce and sugar beet roots for up to 467 days (47520719.der under review).

TABLE C.3. Residue Pata from Root and Tuber Veg_gtable Field Trials with Endothall.
Trial 1D . . Total Rate PHI .
. Z Crop; V Mat 1.2
(City, State; Year) one Top; Variety atrix - b oA (days) Residues {(ppm)
Sugar Beets
Conklin, M1 2007 5.0 6.77 0 1.256 1.374
MIS19 Tops
5 Sugar beet; 35 4.80 0 0.523 0.531
Beta 5451
Roots 5.0 6.77 0 0.199 .136
33 4.80 0 0.120 0.115
;zog;yo Grande, CA Sugar beet; Tops 5.0 6.79 0 1.618 1.165
Alpine 335 4.88 0 1.279 0.948
CA$22 10 Medium
s Roots 5.0 6.79 it 0.591 0.393
Quickprme 3.5 438 0 0.345 0316
Carrot
Ravenna, M1 2007 Carrot;
MIS20 5 Recoleta Roeot 5.0 6,77 0 0.075 0.062
Arrovo Grande, CA
2006 10 Carrot; Nantes Root 5.0 6.79 0 0.088 0.088
CAS06
Potato
Conklin, M1 2007 Potato; Dark
MIS21 5 Red Nerland Tuber 5.0 6.77 0 0.072 0.103
Payette, 1D 2007 Potato; Ranger
10823 Et Russct Tuber 5.0 6.83 0 0.067 0.078

I Expressed in endothall acid equivalent. The LOQ is ¢.05 ppm.
2 The two values in each row represent tvo samples from a single plol

DP# 35631 5/MRID No. 47520701
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TABLE C4. Summary of Residue Data from Root and Tuber Vegetable Field Trials with Endothall.
Commodity Formulation AT];(::;:L PH1 Residue Levels PI:*;); v
type © | {days) i . 3 edian ean Std.
Rate ! " Min Max. | HAFT™ 5 grmiar) | (STMR) | Dev.

Monoamine 5 ppm

Sugar beet, salt (SCL) | (6.77-6.79) 0 2 1.32 136 1.36 1.34 1.34 0.033

tops Dipotassium | 35ppm 7| . | 5 | “neny |- iaid b tan b man T i e e
sy [ wsoa | O | 20| os | MW 1g | 0% | oso | oo
Monoamine 5 ppm

Sugar beet, salt (SCIL) | (6.77-6.79) 0 2 0.165 0.493 0.493 0.330 0.330 0.230

roots ;. H . S N I p T
Dsgif}?ssé}‘ﬁr)“ (1133350135{;8) o | 2z { oms {0330 | o3t o2z | oz | oIt
Monoamine | 5 ppm :

Carrot salt (SC/L) | (6.77-6.79) 0 2 0.0685 0.088 0.088 0.078 0.078 0.014
Monoamine 5 ppm

Potato salt (SCIL) | (6.77-6.83) 0 2 0.0725 0.875 0.0873 0.080 0.080 0.011

The concentration are expressed in acid equivalents, and the values in parentheses are the total application rate in terms of Ib

ae/A.
% Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm.
? HAFT = Highest Average Field Trial,

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of root and tuber vegetables. The data support the use of endothall (monoalkylamine
salt) in irrigalion water at a concentration of 5 ppm (ae), with no more than six applications to
the water per season and a minimum 7-day interval of application of treated water to vegetable
crops. Results represent a 0-day PHI. However, the data are not appropriate for directly
comparing residues resulting from the use of the dipotassium salt formulation with the
monoalkylamine salt formulation because the dipotassium salt was applied at a lower rate (0.7x),
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None
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520701. Arsenovic, M. (2008) Endothall (Hydrothol 191 and Aquatho] K): Magnitude of the
Residue on Vegetable, Root and Tuber Group: Lab Project Number: Z9762, Unpublished study
prepared by Interregional Research Project No. 4. 389 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a sugar beet processing study reflecting
the exposure of sugar beets to endothall through the use of treated irrigation water. In a field
trial conducted in CA (Zones 10) during 2007, a 2.0 lb ae/gal soluble concentrate (SC/L)
formulation of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of
5 ppm ae. [In order to avoid the complications of different molecular weights for different salts,
endothall concentrations are expressed as the free acid equivalents (ae).} The treated water was
then applied using overhead sprinklers to the sugar beets as six broadcast foliar applications
during vegetative development at retreatment intervals (RTIs) of 7-8 days. A volume equivalent
to 1 acre inch of water (~27,154 gal/A) was applied for each application. Based on the
concentration of the endothall and the amount of water applied, the application rate for endothall
was equivalent to 1.13 1b ae/A/application, for a total of 6.79 |b ae/A/season.

Single bulk control and treated samples of sugar beet roots were harvested at normal crop
maturity, immediately following the last irrigation (0 days after treatment, DAT). The roots
were washed and processed into dried pulp, molasses, and refined sugar using simulated
commercial procedures. Samples of unwashed whole roots were stored frozen for up to 64 days
prior to analysis, and samples of each processed fractions were stored frozen for up to 24 days
prior to analysis. The sample storage intervals and conditions are supported by the available

storage stability data.

Residues of endothall (free acid) infon sugar beet roots and processed fractions were determined
using an adequate LC/MS/MS method (Method No. KP-242R1). Residues in roots and dried
pulp samples were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine
(HFTH) in 50% H3POs. Sugar and molasses samples were initially dissolved in water and then
residues were derivatized. The derivatized residues from each matrix were cleaned up by

DP# 356315/MRID No. 47520701 Page 1 0f9
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partitioning into methyl t-butyl ether (MTBE) and elution through an amine solid phase
extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using external standards
for quantitation, The validated limit of quantitation (LOQ) for endothall is 0.05 ppm in each
sugar beet matrix.

Residues of endothall averaged 0.493 ppm in/on whole unwashed roots (RAC) and were 0.554
ppm in dried pulp, 1.203 in molasses, and <0.05 ppm in refined sugar. The processing factors
were 1.1x for dried pulp, 2.4x for molasses, and <0.1x for refined sugar. The theoretical
concentration factor for refined sugar is 12.5x.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the sugar beet processing study is
classified as scientifically acceptable. The acceptability of this study for regulatory purposes is
addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo]2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class,
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but with a 7 day holding time.
They are also registered for desiccation/defoliation of alfalfa/clover (grown for seed only),
cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at (.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a sugar beet processing study reflecting irrigation of sugar beets with
endothall-treated water. The chemical structure and nomenclature of endothall and its armine salt
are listed in Table A.1. The physicochemical properties of technical grade endothall and its
amine salt are listed in Table A.2.

DP# 3563 15/MRID No. 47520701 Page 2 of ¢
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Table A.1. Endothall and Salts Nomenclature

Chemical Structure O

0131

OH

O
Common name Endothall
Molecular Formula CeH 1005
Molecular Weight 186.16
IUPAC name 7-oxabicyclo[2.2.1}heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2, 1Theptane-2, 3-dicarboxylic acid
CAS # 145-73-3
PC Code 033901
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
Registration
Chemical Structure O
- HZC
0 N
N—CH,{n)CH
ol / ARCH,
H,C
0 (h=717)

Common name Endothall, mono-N, N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight Average: 422

JTUPAC name 7-oxabicyclo[2.2. tiheptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available

CAS# 66330-88-9

PC Code 038905

Current Food/Feed Site
Registration

Cotzon, hops, potato, alfalfa grown for seed, aquatic uscs

DP# 356315/MRID No. 47520701
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Table A.2. Physicochemical Properties of Endothall and Salis

Parameter ~ {Value | Reference
Endothall (acid)
Melting point 108-110TC D187593, D187590, and D187588,

5/5/93, K. Dockter

pH

2.7 at 25°C (1% solution)

D187593, D18759(, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
1 gravity

0.481 giem’ (bulk) at 25°C

0187593, D187590, and 0187588,
5/5/93, K. Dockter

Water solubility at 25T

109.8 g/L

13.1 g/100 ml. in water, pH 5
12.7 g/100 mi. in water, pH 7
12.5 ¢/100 mL in water, pl %

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

Solvent solubility at 25C

3.4 g/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 g/100 mL in tetrahydrofuran

0207011, 9/30/94, F. Toghrol

Vapor pressure

3.92 x 10 mm Hg at 24.3%C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20°C (0.2%

solution in 20% basic ethanol); dissociation rate

1.8-2.3 x 10 pmho within 3-5 minutes at 125,

by conductivity meter

12188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable o endothall acid

D166798, 7/2/92, K. Dockier

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

pH

5.2 at 25T {1% solution)

D187593, D187550, and D1§7588,
5/5/93, K. Dockter

Density, bulk density, or specific
pravity

1.028 g/mL at 25C

D187593, D187550, and D187588,
5/5/93, K. Doackter

Water solubility at 25°C

>49.2 g/100mL in water, pH 3
251.6 g/100 mL in water, pH 7
249.8 g/100 ml. in water, pH &

0210814, 8/9/95, S. Knizner

Solvent solubility at 25C

>102.5 g/100mL in acetonitrile
£95.4 /100 mL in n-octanel
>104.3 p/100 mL in tetrabydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 x 10° mm Hg at 25C {calculated; mixed
mono- and dialkylamine {C8-C20%)

0206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 20C for
mixed mono- and dialkylamine {C8-C20) in
acidified ethancl/water; dissociation complete
(317 minutes (1.7 x 10° umho) a1 25°%C

D198885, 4/7/54, F. Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10~ M and
8.9x 10 M, at25C

0209995, 1/2(/95, L. Edwards

UV/visible absorption spectrum

Not available

B. EXPERIMENTAL

B.1.

In a field trial conducted in CA during 2007, sugar beets were irrigated six times with endothall-

DESIGN

Application and Crop Information

treated water using overhead sprinklers (Table B.1.1). The irrigation water was treated with

endothall (2.0 1b ae/gal SC/L monalkylamine salt) at a concentration of ~5 ppm, acid equivalent.
The beets were irrigated six times during vegetative development at RT1s of 7-8 days. A volume
equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the

DP# 356315/MRID No. 47520701

Page 4 of 9

o

92¢"



—3wf  Endothall/038901/Interregional Research Project No. 4

=

DACO 6.4, 7.4, 7.8/0OPPTS 860.1400/0ECD IlIA 8.4.3 and 11IA 8.3
Water, Fish, and Irrigated Crops ~ Sugar beet processing study

concentration of the endothall and the amount of water applied, application rate for endothall
was equivalent to 1.13 b ae/A/application, for a total of 6.79 1b ae/A/season.

using overhead sprinklers,

TABLE B.1.1. Study Use Patfern.

Lo'catlgn - End-Use Application Information :

(City, State; car) Product Method: Timin Concen. | Volume | Single Rate] RTI Total Rate
Trial ID ; g (ppro) ! | (galA)? | (bac/A)® | (days) | (Ibae/A)?
Arroyo Grande, CA Six broadcast foliar

2007 2.01b ae/gal | applications during

CAS22 sc vegetative development 30 27,149 113 -8 6.79

! The concentrate of endothall (in acid equivalents) in the {rrigation water. No adjuvants were included in the irrigation water.

* The target irrigation rate was 1 acre inch of water or 27,154 gal/A,

? The equivalent field use rates were calculated by the reviewer based on 1he concentration of the endothall (ae), the application

volume and plot size.

B.2.

RTI = Retreatment Interval,

Sample Handling and Processing Procedures

Single bulk control and treated samples (105 lbs/sample) of sugar beet roots were harvested at ¢
DAT. The samples were frozen within 3 hours of harvest and shipped frozen on the day of
harvest to the processing facility, GLP Technologies (Navasota, TX), where samples were stored
at <-12°C until processing. Processing was initiated and completed within 36 days of harvest.
Prior to processing, two subsamples of unwashed roots (RAC) were collected for analysis. The
remaining samples were processed into molasses, sugar and dried pulp using simulated
commercial procedures (Figure B.1). After processing, the root samples and each processed
fraction were stored at <-12°C.

Within 3 days of processing, the frozen root and processed fraction samples were shipped by
overnight courier on dry ice to the analytical laboratory, United Phosphorous, Inc. (King of
Prussia, PA), where the samples were processed and stored at -18°C until analysis.

DP# 35631 5/MRID No. 47520701
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Figure B.1.  Processing Flowchart for Treated Sugar Beet Roots,

FORM H.211 Revision 00
SUGAR BEET PROCESSING MATERIAL BALANCE

Sample #2 (T1eated, Ti. 02) Code#N

SUGAR BEETS 885 Ibs.

ceantng _80.1 Ibs. after cleaning

Sliging &
Diffuslon 11.8 lbs. waste
= H
Juice _70.41bs. Diffused Cossettes 66.8 |bs.
- Juice(from dewatetring) — Dewatedng -
13.5 Ibs.
PtIJIp 48.9 [bs.
Orying
Phosphatization PULP 4.1 ibs.
Thin Juice §8.4 ibs.
Evaporatlon
2986 g Thick Juice
Lahératory Evaporation,
Crystalization, & Centrifugation
—1 .
MOILASSES 1384 g

SUGAR 742 g

B.3.  Analytical Methodsology

Residues of the free acid of endothall in/on sugar beet roots and its processed fractions were

determined using

a LC/MS/MS method (Method No. KP-242R [) entitled “Analytical Method for

Determination of Endothall in Crops”, issued 5/4/2007.

For this method, residues in root and pulp were extracted twice by homogenization with water
followed by centrifugation and filtering. For molasses and refined sugar, the samples were
initially dissolved in water. Residues were then derivatized with HFTH in 50% H3PO4 at 100-

DP#356315/MRID No. 47520701 Page 6 of 9
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120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397-+166 ion transition was used for quantifying
residues, and residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05
ppm. An LOD of 0.00001 ppm was reported; however, this value was the instrument LOD,
rather than the LOD of residue in a control matrix.

For method validation, control samples of sugar beet roots and molasses were fortified with
endothall at 0.05-5.0 ppm. For concurrent recoveries, control sample were fortified with
endothall at 0.05 and 0.5 ppm for roots and each processed fraction.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on sugar beet roots and its
processed fractions was adequately validated prior to and in conjunction with the analysis of
processing study samples (Table C.1). Method validation recoveries averaged (£SD) 82 = 8%
from whole roots and 90 & 12% from molasses. Concurrent recoveries averaged 79% for whole
roots, 81% for refined sugar, 80% for dried pulp, and 76% for molasses. Apparent residues of
endothall were <L.OQ in/on control samples of each matrix. Adequate sample calculations and
example chromatograms were provided and the fortification levels used for method recoveries
were similar in magnitude to the measured residue levels.

Sugar beet roots were stored at -18°C for up to 64 days prior to analysis, and the processed
fractions were stored at -18°C for up to 24 days prior to analysis (Table C.2). As the processed
fractions were analyzed within one month of sampling, supporting storage stability data are not
required for the processed fractions. Adequate storage stability data are available indicating that
endothall is stable in frozen sugar beet roots for up to 465 days (47520719 der, under review).
These stability data will support the storage durations and conditions for the processing study.

Residues of endothall averaged 0.493 ppm infon whole unwashed roots (RAC) and were 0.123
ppm in/on washed roots, 0.554 ppm in dried pulp, 1.203 ppm in molasses, and <0.05 ppm in
refined sugar (Table C.3). The calculated processing factors were 0.2x for washed roots, 1.1x for
dried pulp, 2.4x for molasses, and <0.1x for refined sugar. The theoretical concentration factor is

12.5x for refined sugar.

DP# 356315/MRID No. 47520701 Page 7 of @
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TABLE C.t1.  Summary of Method Validation and Concurrent Recoveries of Endothall from Sugar Beet
Roots and Its Processed Fractions.
Matrix Spike Level Sample Size Recoveries Mean % Sid. Pev. !
(ppm) (n} (%) (%}
Method Validation
0.05 3 71,73, 74 732
Sugar beet, oot G5 3 89, 81,78 83x6
5.0 3 95, 90, 83 896
Totat 9 7155 828
0.05 3 80, 84, 97 879
Sugar bect, 0.5 3 84, 82, 100 8910
molasses 5.0 3 74, 114,91 93 £ 20
Total 9 74-114 9012
Concurrent Recoveries
0.05 2 74, 73 74
Sugar beet root 0.5 2 90, 79 835
Total 4 7390 708
Sugar beet, refined 0.03 | 74 51
sugar 0.5 1 89
Sugar beet, dried 6.05 ! 75 20
pulp 0.5 1 85
Sugar beet, 0.05 1 79 76
molasses 0.5 1 73

Standard deviations are calculated for data sets having 3 values.

TABLE C.2, Summary of Storage Conditions for Sugar Beet Matrices.
Matrix Storage Temperature Alcmal Storage Duration Intersval of D;: mg_l; strated
©C) ( days)' torage (a2 ihty
(days)
Roots 30-64
Refined sugar 18 19-2] 467
Dried pulp . 22-24
Molasses 2t-23
Interval from harvest to extraction for analysis. Extracts were stored 0-3 days prior to analysis.
? Endothall is stable in frozen sugar beet roots for up to 465 days (47520719.der under review).
TABLE C.3. Residue Data from Sugar Beet Processing Study with Endothall.
RAC . I PHI . 2 Processing
Processed Commodity Total Rate (days) Residues (ppmy) Factor
Sugar beet | Unwashed roots (RAC) 0.591, 0.395 (ave, 0.493) -~
Washed roots 5 ppm 0.123 0.2x
Dried pulp 0 0.554 1.Ix
Molasses (6.79 1b ac/A) 1.203 24%
Refined sugar <0.05 <0,1x

* Residues are expressed in acid equivalents. The LOQ is 0.05 ppm.

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (Ib 2e/A) applied.

DP# 35631 5/MRID No. 47520701
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D. CONCLUSION

The sugar beet processing study is adequate. Endothall residues did not concentrate in refined
sugar (<0.1x), but concentrated slightly (1.1x} in dried pulp and by 2.4x in molasses.

E. REFERENCES
None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315

PC Code: 038901, 038905

Temptale Yersion June 2005

DP# 356315/MRID No. 47520701 Page 9 of 9
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Primary Evaluator % ﬂv;'/?/ A_’ Mw / Date: 5 June 2009

David Soderberg, Chemist, RABV/HED

Approved by (/\,&ML_ :)d . Df Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the
Health Effects Division {HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520702. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable Bulb Group: Lab Project Number: Z9763. Unpublished study prepared by
Interregional Research Project No. 4. 185 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
green and dry bulb onions to endothall through the use of treated irrigation water. In a green
onion and dry bulb onion field trial conducted during 2007 in Zones 6 and 10, respectively, a 2.0
1b ae/gal soluble concentrate (SC/L) formulation of endothall (monoatkylamine salt) was used to
treat the irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different
molecular weights for the different salts, endothall concentrations are expressed as the free acid
equivalents (ae).] The treated water was applied to onions during vegetative development as six
broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTIs) of 7-8
days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each
application. Based on the concentration of the endothall and the amount of water applied, the
application rates for endothall were equivalent to 1.12-1.13 1b ae/A/application, for a total of
6.75-6.76 1b aec/A/season.

Single control and duplicate treated samples of green onions and dry bulb onions were harvested
from the respective tests on the day of the final application (0 days after treatment, DAT), and
samples were stored at <-18°C for up to 143 days prior to analysis. Adequate storage stability
data are available to support the duration and conditions of sample storage.

Residues of endothall (free acid) in/on onions were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQ,. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation {L.OQ) for endothall in/on onions is 0.05 ppm.

DP# 35631 5/MRID No. 47520702 . Page 1 of©
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.75-6.76 1b ae/A/season), endothall residues at 0 DAT were 0.234 and 0.0284 ppm infon 2
samples of green onions and <0.05 ppm infon 2 samples of dry bulb onions. The average
residues were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions. No residue
decline data was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the field trial residue data are
scientifically acceptable. Although only one trial was performed for each crop, the results are
expected to be conservative. The acceptability of this study for regulatory purposes is addressed
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall {7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0. ! ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm infon rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of green and dry bulb onions with
endothall-treated water. The chemical structure and nomenclature of endothall and its
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade
endothall and its monoalkylamine salt are listed in Table A.2.

DP# 356315/MRID No. 47520702 Page 2 of 9
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Table A.1. Endothall and Salts Nemenclature

Chemical Structure 0
OH
CH
O
Common name Endothall
Molecular Formula CsH 1505
Molecular Weight 186,16
1UPAC name 7-oxabicyclo[2.2.1]heptane-2 3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2.1]heptane-2 3-dicarboxylic acid
CAS# 145-73-3
PC Code 0380901
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
Registration
Chemical Structure 0
- H{E
© N—cH (n)CH
— n
OH / Z 3
H,C
O (n=717)
Common name Endothall, mono-N,N-dimethylalkyl aming salt

Molecular Formula

Not available

Molecular Weight

Average: 422

[UPAC name 7-oxabicyclo[2.2,11heptane-2,3-dicarboxylic acid, compound with N, N-dimethylcocoamine

CAS name Not available

CAS# 66330-38-9

PC Code (38905

Current Food/Feed Site Cotton, hops, potalo, alfalfa grown for seed, aguatic uses

 Registration

Table A.2. Physicochemical Properties of Endothall and Salts

Parameter [ Value IReference

Endothall (acid)

Melting point t08-1107C D187593, D187590, and D187588,
5/5/93, K. Dockter

pH 2.7 at 25 (1% solution) DI87593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

D187593, [3187590, and D187588,
5/5/93, K. Dockter

8.481 g/em’ {bulk) a1 25T

Water solubility at 25

t09.8 g/l.

13.1 /100 mL in water, pHl 5
12.7 g/100 wmL in water, pH 7
12.5 g/160 mL in water, pH 9

D166788, 7/2/92, K. Dockter
D207011, 9/30:94, F. Toghrol

Solvent solubility at 25T

3.4 g/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16,0 g/100 ml, in tetrahydrofuran

D247011, 9/30/94, F, Toghrol

Vapor pressure

3,92 x 10”° mm Hg a1 243T D166798, 7/2/92. &, Dockter

DPi# 3563 I3/MRID No. 47520702
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Table A.2, Physicochemical Properties of Endothall and Salts

Parameter

Value

Reference

Dissociation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20°C (0.2%
solution in 20%s basic ethanol); dissociation rate
1.8-2.3 % 10% pmhe within 3-5 minutes at 3257,

by conductivity meter ,

D188708, 5/3/93, K. Dockter

Qctanol/water partition coefficient

Not applicable to endothail acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

pH

5.2 at 257 (1% selution)

D187593, DI875%0, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
ravity

1,028 g/mL at 25T

1187593, D187590, and D 187588,
5/5/93, K. Dockter

Water solubility at 25

>49.2 o/100mL in water, pH 5
>51.6 g/100 mL in water, pH 7
>49.8 g/100 mL in water, pH 9

D210814, 8/5/95, S. Knizner

Solvent solubility at 25T

>102.5 g/100ml in acetonitrile
295.4 g/100 mL in n-octanol
>104.3 g/100 ml, in tetrahydrofuran

D210814, 8/8/95, 8. Knizer

Vapor pressure

mono- and dialkylamine (C8-C20))

2.09 x 10 mm Hg at 25°C (calculated; mixed

D206344, 9/22/94, F, Toghrol

Dissociation constant, pK,

mixed mono- and dialkylamine (C8-C20) in

17 minutes (1.7 % 10° pmho) at 25T

4.24 for Step 1 and 6,07 for Step 2 at 207 for

acidified ethanol/waver; dissociation complete

D198385, 4/7/94, F. Toghrol

Octanol/water partition coefficient

89x10°M at25C

Kow 2.097 at concentrations of 8.9 x 10° M and

D209995, 1/20/95, 1, Edwards

UV/visible absorption spectrum

Not available

B. EXPERIMENTAL

B.1.

DESIGN

Study Site Information

Tweo onion field trials (one green and one dry bulb) were conducted in Zones 6 and 10 during
2007 (Table B.1.1). The irrigation water used in each test was treated with endothall (2.0 b
ae/gal SC monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated water
was then applied using overhead sprinklers to the onions as six broadcast foliar applications
during vegetative development at RTls of 7-8 days. A volume equivalent to ~1 acre inch of
water (~27,000 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, application rates for endothall were equivalent to
1.12-1.13 b ae/Alapplication, for a total 0f 6.75-6.76 1b ae/A/season (Table B.1.3). These rates

are expected to be conservative relative to actual applications.

TABLE B.1.1. Trial Sile Conditions.
Trial 1dentification (City, State; Year) Soil characteristics'
Type Y%OM pH CEC (meqg/g)
East Bemard, TX 2007
TX$07 Clay 0.6 7.3 21.1
Arroyo Grande, CA 2007
CAS1Z Sandy Loam 1.2 6.6 86
These parameters are optional except in cases where their value affects the use pattern for the chemical.
DP# 356315/MRID No. 47520702 Page 4 of 9
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TFTABLE B.1.2. Water Characterization.
Study site ‘Water characteristics
Type Hardness/Salinity pH Turbidity Dissolved OM
Eas1 Bernard, TX 2007 Well NR NR NR NR
TX807
Arroyo Grande, CA 2007 Well NR NR NR NR
CAS18

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. Aside from the treated-irrigations, no other irrigation was reported
during the study period. The tests were conducted according to normal agricultural practices for
the regions, and information was provided on maintenance pesticides and fertilizers used at each
site. No information was provided on the characteristics of the water used for irrigation, other

than the source (Table B.1.2).

TABLE B.1.3. Study Use Pattern.

Application; no adjuvant used

(BBCH 13-43) using
overhead sprinklers.

Location End-Use
{rC]t}I',Igiale; Year) Product Method; Timing Concen]. chlumv:2 Single Rat}c RTL* | Total Ralt;:
fia {(ppm) (gal/A) (lb ae/A) (days} § (Ib ac/A)
East Bernard, TX 2007 Six broadcast foliar
TX507 application during
2.0 Ib/gal . 27.046-
SCh vegetative development 5.0 27.132 1.12-1.13 7-8 6.75

Arroyo Grande, CA Six broadcast foliar

2067 2.0 b/gal application during

cAf18 ‘SC;‘L vegetative developmenl 5.0 27,148 1.13 7 6.76
using overhead
sprinklers.

® The target irrigation rate was 1 acre inch of water or 27,154 gal/A.

3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothail (ac). the application
volume and plot sizc.

¢ RTI= Retreatment Interval.

1
The concentration of endothall (in acid equivalents} in the irrigation water. No adjuvants were included in the irrigation water.

DP# 3563 | 5/MRID No. 47520702 Page 5 of
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TABLE B.1.4. Trial Numbers and Geographical Locations, |
NAFTA Green Onion Balb Onion
Growing Submitted Reguested! Sabmitied Requested!
Zones Canada .5, Canada 115,
1 - o - - 3 1
1A - . - - 4 -
2 - e - - - -
3 - —n - - - -
4 " - - - - -
- 1 - - 3 110]
5A - -- - - -
5B - 1 - - 2 --
1 - - - - 1
7 - - -— - -— -
7A - - - - - -
8 - - . v ~ 1
10 - - -- 1 -- 2
11 . - - - - 1
12 - - - - 1 1{0]
13 - - - - - -
Total ] 2 37 2 5 8f6] *

Based on EPA OPPTS Guideline 860.1500.
2 Guidelines do not specify zones for green onion Irials.
* The number in brackels indicates a 25% reduction required to support & crop group lolerance.

B.2. Sample Handling and Preparation

Green and bulb onions were harvested at O DAT (after the sixth application). A single control
and duplicate treated samples of green onion, whole plant without roots (4.2 lbs/sample) and
bulb onion (>12 lbs/sample) were collected from each test at 0 DAT and placed in frozen storage
at each test facility within 1 hour. Samples were stored frozen at the field sites for 14-28 days.
Samples were then shipped by ACDS freezer truck to the analytical laboratory, United
Phosphorus, Inc. (King of Prussia, PA}, and stored frozen (<-18EC) prior to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on onions were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% HaPO; at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by

DP# 356315/MRID No. 47520702 Page 6 of 9
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LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
infon onions is 0.05 ppm. An LOD of 0.0000]1 ppm was reported; however, this value was the
instrument LOD, rather than the LOD of residue in a control matrix.

The above method was validated prior to and in conjunction with the analysis of the onion field
trial samples. Control samples of bulb onions were fortified with endothall at 0.05-5.0 ppm for
method validation, and control samples of bulb and green onions were fortified with endothall at
0.05 and 0.5 ppm for concurrent recoveries,

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon onions was adequately
validated prior to and in conjunction with the analysis of field trial samples. The average method
validation recoveries (5.D.) were 83 £ 6% for bulb onion. The average concurrent recoveries
(£S.D) were 75 £ 4% for green onion and 30 = 7% for bulb onion. Apparent residues of
endothall were non-detectable in/on control samples of onions. Adequate sample calculations
and example chromatograms were provided, and the fortification levels used for the method
recoveries were similar in magnitude to the measured residue levels.

Green and bulb onion samples were stored at <-18°C for up to 143 and 63 days, respectively,
prior to analysis (Table C.2). Adequate storage stability data are available indicating that
endothall is stable in frozen lettuce and sugar beet roots for up to 465 days (47520719.der, under
review). The stability data for lettuce and beet roots will support the storage durations and
conditions for the current onion field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.75-6.76 1b ae/A/season), endothall residues at 0 DAT were 0,234 and 0.0284 ppm in/on 2
samples of green onions and <0.05 ppm infon 2 samples of dry bulb onions (Table C.3). The
average residues were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions (Table
C.4). No residue decline data was provided.

No phytotoxicity was noted on the treated onion crops. Common cultural practices were used to
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this
study did not have a notable impact on the residue data.

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Green and
Bulb Onion.

Matrix Spike Level Sample Size Recoveries Mean & Std, Dev,

(ppm) (n) (%) (%)

Method Validation

0.05 3 77,92, 92 87«9

Butb onion 0.5 3 85, 76,79 80%5
5.0 3 88, 82,77 8216
Total 9 7792 Bix 6
DP# 356315/MRID No. 47520702 Page 7 0f 0
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TABLE C.1.  Summary of Method Validation and Concurrent Recoveries of Endothall from Green and |
Bulb Onion,
Matrix Spike Level Sample Size Recoveries Mean £ Std, Dev.
{ppm) (n) {¥a) (%)
Concurrent Recoveries
0.05 . i 72 72
Green onion 0.5 1 78 78
Total 2 7r-78 754
0.05 1 85 85
Bulb onion 0.5 1 95 95
Total 2 85-95 907

Standard deviations are calculated for data sets having 23 values,

TABLE C.2, Summary of Storage Conditions,

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
tC) (days)" Storage Stability (days) ?

Green onion <18 143 465

Bulb onion 63

Interval from harvest to extraction for analysis, Extracts were storcd up to 1 day prior 10 analysis.
2 gndothall is stable in frozen lettuce and sugar beet roots for up to 467 days (47520719.der under review).

TABLE C.3.  Residue Data from Onion Field Frials with Endethall (SC/L).

Trial 1D s . Total Rate ! LH i 23
(City, State; Year) Zone Crop; Variety Matrix o b oA (days) Residues {ppm)
East Bernard, TX Green Onijon;

2007 6 | Evergreen Hardy \:T&‘:)'ﬁtﬁ:f;; 5.0 6.75 0 0.284 0234
TX%07 White

Arroyo Grande, CA Dry Bulb Onion;

2007 10 Onion Yellow Dry Bulb 5.0 8.76 0 {0.023) {0.023)
CAS%18 Granex F|

The rate s cxpressed both in terms of the contcentration jn the irrigation water (ppm) and the total amount (Ib ac/A) applied.
? gxpressed in acid equivalents. The LOQ is 0.05 ppm and the LOD {5 0.0001 ppm. Values in parenthesis are >LOD and

<[.OQ.
* The two results for each field trial represent two samples taken from a single plot, not two plots.

TABLEC.4. Summary of Residue Data from Onion Ficld Trials with Endothall (SC/L). FIX
: Z
Commodity Totﬂalikep?lic. {j,gls) : — - Rcszd;e;e:ls (p;r:;ian ——
: ax. (STMdR) | (STMR) | Std-Pev.
Green Onion “|  ° {g%’;" 0 1 0259 | 0250 | 0259 | 0259 | o259 NA
E;%E“'b (6?%%) 0 1 <0.05 | <005 | <005 | <005 | <0.05 NA

The valuc in parentheses is the total application rate in terms of b ae/A.
2 Residues arc expressed in terms of the frec acid. The LOG is 0.05 ppm. The LOQ was used for all values reported <LOQ.

* AFT = Highest Average Field Trial,
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D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of onions. The data support the use of endothall in irrigation water at a concentration
of 5 ppm (ae), with no more that six applicattons per season, and a minimum?7-day interval
between applications to the water. Results are taken at a 0-day PHI.

E. REFERENCES
None
E. DOCUMENT TRACKING

RDI: D. Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DPi#: 356315
PC Code: 038901, 038905

Tempiale Version hme 20605
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i . : 2
Primary Evaluator M/ /47 M , / Date: 5 June 2009

David Soderberj, Cl}ﬁist, RABV/ HED
i

Approved by f/\) ,\;M«;-.fs) ) AN g Date: 5 June 2009
William Donovan, Senior Scientist RABV,

HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correciness and to reflect ctrrent Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520703. Arsenovic, M. (2008) Endothall (Hydrothol 191 and Aquathol K): Magnitude of the
Residue on Vegetable, Leafy, except Brassica Group: Lab Project Number: Z9757. Unpublished
study prepared by Interregional Research Project No. 4. 289 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
leaf and head lettuce to endothall through the use of treated irrigation water. Two leaf lettuce
field trials and two head lettuce field trials were conducted in Zones 1 and 10 during 2006-2007.
Side-by-side tests were conducted in each field trial using irrigation water treated with either the
monoalkylamine salt of endothall (2 1b ac/gal SC/L) at a concentration of § ppm ae, or the
dipotassium salt of endothall (3.0 1b ae/gal SC/L) at a concentration of 3.5 ppm ae. [In order to
avoid the complications of different molecular weights for the different salts, endothall
concentrations are expressed as the free acid (ae).] The treated water was applied in each test
during vegetative development as six broadcast foliar applications using overhead sprinklers, at
retreatment intervals (RTIs) of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,000
gal/A) was applied for each application. Based on the endothall concentration and the amount of
water applied, the application rates for the monoalkylamine salt of endothall were equivalent to
1.12-1.20 1b ae/A/application, for a total of 6.73-7.17 1b ae/A/season. The application rates for
the dipotassium salt were equivalent to 0.78-0.84 Ib ae/A/application, for a total of 4.67-5.07 1b
ae/A/season.

Single control and duplicate treated samples of leaf lettuce and head lettuce (with wrapper
leaves) were harvested from the respective tests on the day of the final application (0 days after
treatment, DAT), and samples were stored at <-18°C for up to 92 days prior to analysis.
Adequate storage stability data are available to support the duration and conditions of sample

storage.

Residues of endothall (free acid) in/on lettuce were determined using an adequate LC/MS/MS
method (Method No. KP-242R [). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQ4. The derivatized residues

DP# 356315/MRID No. 47520703 Page 1 of 11
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were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (LOQ) for endothall in/on lettuce is 0.05 ppm.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm ae (6.73-7.17 Ib ae/A/season), endothall residues at
DAT were 0.410-1.24 ppm ae in/on 4 samples of leaf lettuce and 0.081-0.604 ppm ae in/on 4
samples of head lettuce. Average endothall residues were 0.714 ppm ae for leaf lettuce and
0.317 ppm ae for head lettuce. The highest average field trial (HAFT) residues infon leaf and
head lettuce were 0.992 and 0.548 ppm ae, respectively.

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm ae (4.67-5.07 b ae/A/season), endothall residues at 0 DAT were
0.241-1.01 ppm in/on 4 samples of leaf lettuce and <0.05-0.582 ppm in/on 4 samples of head
lettuce. Average endothall residues were 0.523 ppm in/on leaf lettuce and 0.288 ppm in/on head
lettuce, and HAFT residues in/on leaf and head lettuce were 0.798 and 0.509 ppm, respectively.

Although average endothall residues were lower (0.7-0.9x) for the dipotassium salt than the
monoalkylamine salt, direct comparison of the two formulations is not possible as the two
formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm acid
equivalents but the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of
the monoalkylamine salt. [Note that these two different application rates are each entirely
consistent with different label directions for the two salts. The two labels specify recipes that
lead to application of the dipotasium salt at 5 ppm as the salt, and application of the alkylamine
salt as 5 ppm as the free acid.}

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the field trial residue data for the
monoalkylamine salt of endothall are scientifically acceptable. However, the field trial data for
the dipotassium salt were not adequate for comparison with the monoalkylamine salt because the
dipotassium was applied at 0.7x the rate of the monoalkylamine salt. Although few trials were
performed for each crop, the results of these trials are expected to be conservative. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Residue Chemistry Swmmary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

DP# 3563 15/MRID No. 47520703 Page 2 of It éOL%
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Endothall [7-oxabicyclof2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)}(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submatted field trial data reflecting irrigation of leaf and head lettuce with endothall-
treated water. The chemical structure and nomenclature of endothall and its salts are listed in
Table A.1. The physicochemical properties of technical grade endothall and its salts are listed in
Table A2

Table A.1. Structure and Nomenclature of Endothall and its Salts.
Chemical Structure 0

OH

OH

0

Common name Endothall
Molecular Formula Cglq0s
Molecular Weight 186.16
{UPAC name 7-oxabicyclo]2.2. 1heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2, Theptane-2,3-dicarboxylic acid
CAS# 145.73-3
PC Code (38501
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed
Chemical Structure 0O

— +

0
0

Common name Endolhall, dipolassium salt
Molecular Formula CeHgk, 05
Molecular Weiglit 262.33
IUPAC name Not available
CAS name Not available
CAS # 2164070
PC Code 038904
Cutrent Food/Feed Site Registration | Cotton, hops, polato, alfalfa grown for seed, aqualic uses
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Table A.1. Stracture and Nomenclature of Endothall and its Salts.

Chemical Structure

O
o H.C .
N—CH,{n}CH
OH / 2 ) 3
H,C
O (n=71%

Commaon name

Endothall, meno-N,N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight Average: 422

IUPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS name Not available

CAS # 66330-88-%

PC Code 038903

Current Food/Feed Site Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2. Physicochemical Properties of Endothali and Salts,

Parameter { Value [Reference

Endothall (acid)

Melting point 108-110% D 187593, D187590, and D187588,
5/5/93, K. Dockter

pld 2.7 at 25 (1% solution) D187593, D187590, and [J187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.48] g/em® (bulk) at 25°C

D187593, Dt87590, and D187588,
5/5/93, K. Dockier

Water solubility at 25T

109.8 /L.

13.1 g/100 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 ¢/100 ml in water, pl1 9

D166798, 7/2/92, K. Dockter
D267011, 9/30/94, F. Toghrol

Solvent solubility at 251

3.4 ¢/100 mL in acetonitrile
2.4 g/100 mL in n-ectanel
16.0 /100 mL in tetrahydrofuran

D267311, 9/30/94, F. Toghrol

Vapor pressure

3,92 x 10” mm Hg a1 24.3C

D166798, 7/2/92, K. Dockter

Dissociation consiant, pK,

4.32 for Step 1 and 6.22 for Step 2 a1 207 (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10% gmho within 3-5 minutes at 125,
by conductivity meter

3188708, 5/3/93, K, Docktcr

Qctanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum Not available
Endothall, dipotassium salt
Melting point >360C D187593, D187590, and D187588,

5/54/93, K. Dockter

pH

9.1 at 25 (1% selution)

13187593, D187590, and 187588,
5/5/93, K. Dockter

Drensily, bulk density, or specific
gravity

0.766 g/em? (bulk) at 25T

D187593, D187550, and D187588,
5/5/93, K. Dockter

Water sofubility

>65 g/100 mL in water, pH 5, pH 7, and pH 9

D214691, 6/7/95, D. Hrdy

Solvent solubility

<0.001 g/100 mL in acetonitrile, n-octanol, and
tetrahydrofuran

D214691, 6/7/95, D. Hrdy

Vapor pressure

Not applicable. An organic acid K salt is
anticipated to have an insignificant vapor pressure.

D178083, 6/18/92, 8. Funk

DP# 356315/MRID Neo. 47520703
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Table A.2. Physicochemical Properties of Endothall and Salts.

Parameter Value Reference

Bissociation constant, pK, 4.16 for Step 1 and 6.14 for Step 2 at 20T in D304027, 6/10/2004, D. Sederberg
water; dissociation completc at § mins (13.6 x 16°
1mho)

Octanol/water partition coefficicnt | Koy <0.02 and <0.3 at concentrations of 9 x 107 [ D210814, 8/9/95, §. Knizner
M and 9 x 107 M, respectively, at 25C
UV /visible absorption spectrum Not available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point Not available

pH 5.2 at 25%C (1% solution) D187593, D18759G, and D187588,
5/5/33, K. Dockter

Density, bulk density, or specific 1.028 g/mL at 25C D187593, D1875%0, and D187588,

gravity 5/5/93, K. Dockter

Water solubility at 257 >49.2 g/106mL in water, pH 5 D210814, 8/9/95, 5, Knizer

>51.6 /100 mL in waer, pl1 7
>49.8 g/100 mL in water, pH ¢
Solvent solubility at 25T >102.5 g/100mL in acetonitrile D210814, 8/9/95, S. Knizner
2954 g/100 ml in n-octanol

>104.3 g/100 mL in tetrahydrofuran

Vapor pressure 2.09 x 167 mm Hg at 257 (calculated; mixed D206344, 922/94, ¥, Toghrol
mono- and dialkylamine (C8-C20}}
Dissceciation constant, pK, 424 for Step 1 and 6.07 for Step 2 at 20T for D 198885, 4/7/94, ¥. Toghrol

mixed mono- and dialkylamine (C8-C20} in
acidified cthanol/water; dissociation complete
217 minutes (1.7 x 10° pmho) at 25T
Octanol/water partition coefficient | Koy 2.097 at concentrations of 8.9 x 10° Mand | D209995, 1/20/95, L. Edwards
8.9x10°M,at25%C
UV /visible absorption spectrum Not available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two leaf lettuce field trials and two head lettuce field trials were conducted in Zones 1 and 10
during 2006-2007 (Table B.1.1). Side-by-side tests were conducted in each field trial using
irrigation water treated with cither the monoalkylamine salt of endothall (2.0 1b ae/gal SC/L) ata
concentration of 5 ppm, acid equivalent, or the dipotassium salt of endothall (3.0 1b ae/gal SC/L)
at a concentration of 3.5 ppm, acid equivalent. HED notes that although the dipotassium salt was
applied at a concentration of ~5 ppm at, this rate is equivalent to a concentration of 3.5 ppm, acid
equivalent. The treated water was applied in each test during vegetative development as six
broadcast foliar applications using overhead sprinklers, at RTIs of 6-8 days. A volume
equivalent to ~1 acre inch of water (~27,000 gal/A) was applied for each application. Based on
the concentration of the endothall and the amount of water applied, the application rates for the
monoalkylamine salt of endothall were equivalent to 1.12-1.20 1b ae/A/application, for a total of
6.73-7.17 1b ae/A/season (Table B.1.3). The application rates for the dipotassium salt were
equivalent to 0.78-0.84 b ae/A/application, for a total of 4.67-5.07 |b ae/A/season. These rates
are expected to be conservative relative to actual treatment conditions.
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TABLE B.1.1. Trial Site Conditions.

. e ]
Trial 1dentification (City, State; Year) Soil characteristics

Type %OM pH CEC {meq/100g)

Arroyo Grande, CA 2006 Sandy Loam 1.9 3.7 12.6
CA%04
Arroyo Grande, CA 2006 Sandy Loam 1.9 5.7 12.6
CAS05
Notth Rose, NY 2007 Loamy Sand 3.02 6.1 5.17
NY$28
Lyons, NY 2007 Sandy Loam 2.7 59 6.7
NY$31

These parameters are optional except in cases where their value affects the use pattern for the chemical.

TABLE B.1.2, Water Characterization,
Study site W?Lt?r characieristics ‘
Type Hardness/Salinity pH Turbidity Dissolved OM

Arroyo Grande, CA 2006
CAS04 Well NR NR NR NR
Arroyo Grande, CA 2006
CAS05 Well NR NR NR NR
North Rosc, NY 2007
NY$28 Well NR NR NR NR
Lyons, NY 2007

. NR N
NY$31 Pond Water NR NR R

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. Aside from the treated-irrigations, no other irrigation was reported
during the study period. The tests were conducted according to normal agricultural practices for
the regions, and information was provided on maintenance pesticides and fertilizers used at each
site. No information was provided on the characteristics of the water used for irrigation, other
than the source (Table B.1.2).

DP# 356315/MRID No. 47520703
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TABLE B.1.3. Study Use Pattern,
Location End-Use Application Information
(City, State; Year) | 5 1 . Concen Volume | SingleRate | RITT Total Rate
ial 1D roduct Method; Timing By £
Trial {ppm) {gallA) (Ib ac/A) (days) (b ac/A)
Leaf Lettuce
Arroye Grande, CA 2.0 Ib/gal Six overhead sprinkler
2006 Toet | applications during 5.0 1.13 7 6.76
CAS04 :gctam: dgvclc?p:;cnt 27.149
ix overhead sprinkler
3'0;ggal applications during 35 0.80 7 4.81
vegetative development
WNorth Rose, NY 2.0 [b/zal Six overhead sprinkler
2007 ' ch applications during 5.0 112 7 6.73
NY$28 ;t.agetatn: dgvelt?p:lcnt 26,544
- IX overhcad springlers
J‘OS"(’:’ga' applications during 3.5 0.78 7 467
vegetative development
Head Lettuce
Arroyo Grande, CA 2.0 Ib/aal Six overhead sprinkler
2006 : ch applications during 5.0 113 6-8 6.76
CAS035 ;t.:getatl\: d;velc?p:;cnt 27,149
Ix overheadl sprinkler
3'08“(33’3“' applications during 35 0.80 6-8 431
vegetative doevelopment
Lyons, NY 2007 9 0 Ib/eal Six overhead sprinkler
NY$3Il ) ch applications during 5.0 1.20 6-8 7.17
;t;:gelatn:: d;vclc?p:;ent 27,191
iX oyerneaa sprinkler
3‘08'?:’“' applications during 35 0.84 6-8 5.07
vegetative development

" The two formulations used are expressed in Ib acid equivalent/zal. The monoalkylamine salt is 2.0 |b ae/gal SC/L and the
dipotassium salt is a 3.0 Ib ae/gal SC/L. When applied according to the label directions, the maximum concentration for
endothall {free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium sall.

? The concentralion of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.

¥ The target irrigation rate was | acre inch of water or 27,154 gal/A.

4 The equivalem field use rates were calculated by the reviewer based on the concentration of the endothall {ae), the application
volume and plot size.

RT1= Retreatment Interval,

DP# 35631 5/MRID No. 47520703
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TABLE B.1.4. Trial Numbers and Geographical Locations.

NAFTA Growing Zones® Head Lettuce Leaf Lettuce
Submitted Requested’ Submitted Reqaested’

Canada .8, Canada U.s.
1 1 - 1 i - ]
2 . - ] - . ]
3 . - 1 - - 1
4 —— - - . . -
S - - —_—— - - _—
6 - - - - - -—
':] - - - - . "
8 - . - - . -
9 - - -_— - - -
10 1 - 6 ] - 5
11 - - -- - -
12 - - - - - --
13 - - .~ - - -
Total 2 -- 8 {6] 2 w 8 oI’

' Based on EPA OPPTS Guidetine 860.1500.
2 The number in brackets indicates a 25% reduction required to support a crop group tolerance.
3 Zones 1A, 5A and B, 7A and 14-21 were excluded as the proposed use is for the U.S.

B.2. Sample Handling and Preparation

Samples of leaf lettuce and head lettuce (with wrapper leaves) were harvested at 0 DAT.
Duplicate control and treated samples (2.5 1bs, 12 plants) were collected from each test site and
placed in frozen storage at the test facility within 1.5 hours. Samples were stored frozen at the
field sites for 4-46 days. Samples were then shipped by ACDS freezer truck to the analytical
laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored at <-18EC until analysis.

B.3. Analytical Methodology

Residues of endothall {free acid) in/on lettuce were determined using a LC/MS/MS method
{Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397-»166 ton transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated L.OQ for endothall
infon lettuce is 0.05 ppm, and the L.OD was not reported.

DP# 35631 5/MRID No. 47520703 Page 8§ of 1]
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of lettuce were fortified with endothall at 0.05-5.0 ppm for method
validation, and control samples were fortified with endothall at 0.05-2.0 ppm for concurrent
recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on lettuce was adequately
validated prior to and in conjunction with the analysis of field irial samples. The average method
validation recoveries (£8.D.) were 90 + 12% and the average concurrent recoveries (#S.D) were
80 + 9% for lettuce. Apparent residues of endothall were <LOQ in/on control samples of lettuce.
Adequate sample calculations and example chromatograms were provided, and the fortification
levels used for the method recoveries were similar in magnitude to the measured residue levels.

Lettuce samples were stored at <-18°C for up to 92 days prior to analysis (Table C.2). Adequate
storage stability data are available indicating that endothall is stable in frozen lettuce for up to
465 days (47520719 der, under review). These data will support the storage durations and
conditions for the current field triais.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.73-7.17 Ib ae/A/season),
endothall residues at 0 DAT were 0.410-1.24 ppm in/on 4 samples of leaf lettuce and 0.081-
0.604 ppm in/on 4 samples of head lettuce {Table C.3). Average endothall residues were 0.714
ppm for leaf lettuce and 0.317 ppm for head lettuce (Table C.4). The HAFT residues in/on leaf
and head lettuce were 0.992 and 0.548 ppm, respectively.

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm, acid equivalents (4.67-5.07 |b ae/A/season), endothall residues at 0
DAT were 0.241-1.01 ppm in/on 4 samples of leaf lettuce and <0.05-0.582 ppm in/on 4 samples
of head lettuce. Average endothall residues were 0.523 ppm in/on leaf lettuce and 0.288 ppm
infon head lettuce, and HAFT residues in/on leaf and head lettuce were (.798 and 0.509 ppm,
respectively.

Although average endothall residues were lower (0.7-0.9x) for the dipotassium salt than the
monoalkylamine salt, direct comparison of the two formulations is not possible as the two
formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm ae,
whereas the dipotassium salt was applied at 5.0 ppm, as the salt, which is 3.5 ppm ae, that is, the
dipotassium salt is applied at 0.7x the rate of the monoalkylamine salt. [Note that these two
different application rates are each entirely consistent with different label directions for the two
salts. The two labels specify recipes that lead to application of the dipotasium salt at 5 ppm as
the salt, and application of the alkylamine salt as 5 ppm as the free acid.]

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study were not likely to have a noticeable
impact on the residue data. No phytotoXicity of the treated lettuce was reported.
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TABLE C.1, Summary of Methed Validation and Concurrent Recoveries of Endothall from Lettuce
Matrix Spike Level Sample Size Recoveries Mean # Std. Dev. !
(ppm) () (%) (%}
Method Validation
0.05 3 109, 96, 83 964 13
Lettuce 0.5 3 80, 73, 80 78+ 4
5.0 3 100, 102, 87 96+ 8
To1al 9 73109 20+ 12
Concurren! Recoveries
0.05 4 71, 73,91, 76 7829
0.25 1 80 80
Lcttuce 05 ! 73 3
1.0 1 92 92
2.0 1 87 87
Total 8 71-92 809

Standard deviations were calculated only for daiascts having >3 valucs.

TABLE C.2.  Summary of Storage Conditions,
Matrix Sterage Temperature Aclual Storage Duration Interval of Demop.stratcd
©C) (days)! Storage Stability
4 (days)®
Leaf lettuce <18 91-92 465
Head lettuce 34-85
Interval from harvest 1o extraction for analysis, Exiracts were stored up to 4 days prior 10 analysis.
2 Endothall is stable in frozen lettuce for up 1o 465 days (47520719.der under review),
TABLE C.3. Residue Data from Lettuce Field Trials with Endothall Salts (SC/L).
Trial ID s ) To1al Rate ’ PHI ) 23
(City, State; Year) Zone| Crop; Varle'fy Matrix oo l Sy (days) Residues (ppm)
Leaf Lettuce
Arroyo Grande, CA 2006 Leaf lettuce; 5.0 6.76 0 0.743 1.240
10 Lecaves
CA304 Greenstar 35 4.81 o | 0582 | 1013
North Rose, NY 2007 1 Leaf Lctuce; T eaves 5.0 6.73 0 0.462 | 0410
NY$28 Green salad bowl 3.5 4.67 0 0.255 0.241
Head Lettace
Arroyo Grande, CA 2008 Fiead Lettuce: Heads, 5.0 6.76 0 0.092 | 0.081
CAS$05 10 c%n ai(:)cr ’ wiwrapper
leaves 3.5 4.81 0 | <005 { 0.082

Lyons, NY 2007 Head Leliuce: Heads, 5.0 7.17 0 0,604 § 0491
NYS$31 1 ’ wiwrapper

$ kthaca MTO Mol 35 5.07 o | o582 | 0436

Therate is expressed both in terms of the concentration in the irrigation water (ppm) and the 10tal amount (1b ac/A) applied.

The application coneenlrations were 5 ppm ae for the menoalkylamine salt and 3.5 ppm ae for the dipotassium salt.
2 Expressed in endothall acid equivalenis. The LOQ is 0.05 ppm.
% Thc two results for each trial are from two samples taken from a singlc plot, not from two separate plots.

DP# 356315/MRID No. 475207033
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TABLE CA4. Summary of Residue Data from Lettuce Field Trials with Endothail Salts (SC/L).
Total Pyl Residue Levels (ppm) *

Formulation Applic Modi M
e ’ (days) : 3 edian calt
typ Rate ! N} Min. Max. | BAFT | onorpy] (STMR)

Commodity
Std. Dev.

Monoalkylam 5 pom
ine sait (67313.%753 0 2 | 0436 | 9915 | 09915 | 0.714 | 0.714 | 0.393
Leaf lettuce (SC/L) )

Monoa[kylam
ine sait

Head lettuce {SC/L)

Dipotassiin® | 3.5ppm |, | o _
salt (SCIL) | (4.81-5.07). 0. 2 0 066 0 509. O 509 0 2875 0 28'}“5 0 3132 :

The concenirations arc expressed in acid cquwalcnts, and the valucs in parentheses are the total appllcatlon rate in terms of

Ib ae/A.

? Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm.

* HAFT = Highest Average Field Trial.

05237 0363

5 ppm
6.76-7.17) 0 2 0.0865 | 0.5475 | 0.5475 0.292 0.317 0.270

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of lettuce. The data support the use of the monoalkylamine salt of endothall in
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium salt of endothal] in
tirigation water at a concentration of 3.5 ppm ae. No more that six applications of treated water
should be made per season, with a minimum 7-day interval between applications to water,
Results are determined at a 0-day PHIL

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
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Primary Evaluator /ﬂ/ Mj/ L ’ Méﬂ/ Date: 5 June 2009

David Soderberg, Chemist, RAB}{ HED

Approved by (A.)_ AM—#\. 6)4— ¢

William Donovan, Senior Chemist, RABV,
HED

Date: 5 June 2009

This DER was originally prepared under contract by Dynamac Corporation {1910 Sedwick Road,
Building 106, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520704. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable, Brassica Leafy: Lab Project Number: Z9764. Unpublished study prepared by
Interregional Research Project No. 4. 149 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
cabbage to endothall through the use of treated irrigation water. In two cabbage field trials
conducted during 2006 in Zone 1, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm, acid
equivalent (ae). {In order to avoid the complications of different molecular weights for the
different salts, endothall concentrations are expressed as the free acid equivalents (ae).] The
treated water was applied during vegetative development as six broadcast foliar applications
using overhead sprinklers, at retreatment intervals (RTIs) of 6-8 days. Volumes approximating
~1 acre inch of water (27,154 gal/A) were applied for each application. Based on the
concentration of the endothall and the actual amount of water applied, the application rates for
endothall were equivalent to 0.94 or 1.17 1b ae/A/application, for a total of 5.64 or 7.00 lb

ae/Afseason.

Single control and duplicate treated samples of cabbages (with wrapper leaves) were harvested
from each test on the day of the final application (0 days after treatment, DAT), and samples
were stored at <-18°C for up to 118 days prior to analysis. Adequate storage stability data are
available to support the duration and conditions of sample storage.

Residues of endothall (free acid) in/on cabbages were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this niethod, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQO,. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external] standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (LOQ) for endothall in/on cabbage is 0.05 ppm.

DP# 35631 5/MRID No. 47520704 Page I of 9 ]L
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(5.64-7.00 Ib ae/A/season), endothall residues at 0 DAT were <0.05-0.075 ppm in/on 4 samples
of cahbage. The average residues were 0.062 ppm ae and the highest average field trial (HAFT)
residues were 0.063 ppm ae. No residue decline data were provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the cabbage field trial residue data are
scientifically acceptable. Although only two field trials were performed, the results are expected
to be conservative relative to actual inadvertent applications. The acceptability of this study for
regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary
Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo]2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0. 1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw {40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of cabbages with endothall-treated water,
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in
Table A.1. The physicochemical properties of technical grade endothall and its monoalkylamine
salt are listed in Table A.2.
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Table A.1. Endothall and Salts Nomenclature

Chemical Structure O
OH
OH
O
Common name Endothall
Molecular Formula CBH1005
Molecular Weight 186.16
TUPAC name 7-oxabicyclo[2.2, 1Theptane-2,3~dicarboxylic acid
CAS name 7-oxabicyclof2.2. 1Theptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
Registration
Chemical Structure O
- H,C
© 3 \N+ CH,(n)CH
- I
OH / 2( 3
H,C
O (n="7-17)

Common name

Endothall, mono-N,N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight

Average: 422

TUPAL name 7-oxabicyelo[2.2. 1Theptane-2, 3 -dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available

CAS # 66330-88-9

PC Code 038905

Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Registration

Table A.2. Physicochemical Properties of Endothal]l and Salts

Parameter | Value [Reference

Endothall {(acid)

Melting point 108-110°C D 187593, D187590, and DI87588,
5/5/93, K. Dockter

pH 2.7at25C (1% solution) D187593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

D187593, D187590, and D 187588,
5/5/93, K. Dockter

0.481 g/em’® {bulk) at 25T

Water solubility at 25°C

D166798, 1/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

109.8 g/L.

13.1 g/100 mL in water, pH 5
12.7 /100 mL in water, pH 7
12.5 g/100 mL in water, pH 9

Solvent solubility at 25°C

3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol
2.4 g/100 mL in n-octanel

16,0 /100 mL in tetrahydrofuran

Vapor pressure

3.92 x 107 mm Hg at 24.3%C D166798, 7/2/92, K. Dockter

Page 3 of 9
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Table A.2, Physicochemical Properties of Endothall and Salts

Parameter

Value

Reference

Dissociation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20 (0.2%
solution in 20% basic ethanol}; dissociation rate
1.8-2.3 x 10° pmho within 3-5 minutes at 025,
by conductivity meter

D188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K., Dockter

UV/visible absorption spectrum

Not available

Endothall, mene-N,N-dimethyl

alkyl amine salt

Boiling point

Nol available

pH

5.2 at 25C (1% solution)

D187593, 13187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g¢/mL at 25T

D187593, D187590, and D187538,
5/5/93, K. Dockter

Water solubility at 25

2492 g/100mL in water, pH 5
2516 /100 mL in water, pH 7
245.8 g/100 ml. in water, pH 9

D210814, 8/9/95, 8. Knizner

Solvent solubility at 25T

>102.5 g/100mL in acetonitrile
»95.4 /100 ml. in n-octano!
2104.3 /100 mL in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09x 10 mm Hg at 25 (calculaled; mixed
mong- and dialkylamine {C8-C20))

D206344, 9/22/94, F. Toghro!

Dissociation constant, pK,

4.24 for Step | and 6.07 for Step 2 at 20C for
mixed mono- and dialkylamine {C8-C20} in

actdified cthanol/water, dissociation complcte
517 minutes (1.7 x 16° umho) at 25T

D158885, 4/7/94, F. Toghro!

Oclanol/water partition coefficient

Kow 2.097 at cancentrations of 8.9 x 10~ M and
8.9x 107 M, at 25T

D20999s, 1/20/95, L. Edwards

UV/visible absorption spectrum

Not available

B.

B.1.

EXPERIMENTAL DESIGN

Study Site Information

Two cabbage field trials were conducted in Zone 1during 2007 (Table B.1.1). The irrigation
water used in each test was treated with endothall (2.0 1b ae/gal SC monoalkylamine salt) at a
concentration of ~5 ppm, acid equivalent. The treated water was then applied to the cabbages
during vegetative development as six broadcast foliar applications using overhead sprinklers, at
RTIs of 7-8 days. A volume equivalent to ~1 acre inch of water (22,700-28,000 gal/A) was
applied for each application. Based on the concentration of the endothall and the actual amount
of water applied, application rates for endothall were equivalent to 0.94 or 1.17 1b
ae/A/application, for a total of 5.64 or 7.00 1b ae/A/season (Table B.1.3). These rates are
expected to be conservative relative to actual applications.

DP# 356315/MRID No. 47520704
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TABLE B.1.1. Trial Site Conditions.

Trial ldentification (City, State; Year) Soil characteristics’

Type %0OM pH CEC (meg/100g)
North Rose, NY 2006 .
NY$23 Silt Toam 4.7 5.8 8.2
Baptistown, NJ 2006
NIS08 Loam 23 6.7 9.1
These parameters are optional except in cases where their valuc affects the use pattern for the chemical,
TABLE B.1.2. Water Characterization.
Study site Water characteristics
Type Hardness/Salinity pH Turbidity Dissolved OM

North Rose, NY 2006
NY$23 Well NR NR NR NR
Baptistown, NI 2006 .
NJSO8 Well NR NR NR NR

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No irrigation was reported during the study period. The tests were
conducted according to normal agricultural practices for the regions, and information was

provided on maintenance pesticides and fertilizers used at each site. No information was

provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2). -
TABLE B.1.3. Study Use Pattern.
. Application Information
Location End-Use
(City, Statc; Yean) 1 C Vol s . 5]

. Product R oncen. olume Single Rate | RTI T'otal Rate
Trial ID Method; Timing (ppm) 2 | (gallA)' | (bac/A)? | (days) | (bae/A)®
North Rose, NY 2006 Six broadcast foliar
NY$23 2.0 Ib/eal application during

'SCng vegetative development 4.99 28,032 1.17 T 7.00
using overhead
sprinklers.
Baptistown, NJ 2006 Six broadcast foliar
NJ$08 2 0 Ib/gal application during
S0 f vegetative development | 4.96-4.97 | 22,706 0.94 69 5.64
uging overhead
sprinklers.

' The cndothall formulation was a monoalkylamine salt containing 2. 0 |b ae/gal,
2 The concentration of endothall (in acid equivalents) in the irrigation water, No adjuvants were included in the imrigation water.
* The target irrigation rate was 1 acre inch of water or 27,154 gal/A. In the NJ field trial, the application volume was determined

as inches per acre.

“ ‘The eguivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot size,

* RT! = Retreatment Interval,

DP# 356315/MRID No. 47520704
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TABLE B.1.4. Trial Numbers and Geographical Locations.
NAFTA Cabbage
Growing Submitted Requested’
Zones

Canada us.
1 2 - 2
1A -- .- -

11 - . -
(2 - 1 ~
13 - - .
Tolal 2 5 8 [6]

Based on EPA OPPTS Guideline 860.1500.
2 The number in brackels indicales & 25% reduction required to support a crop group lolerance,

B.2. Sample Handling and Preparation

Cabbages ere harvested at 0 DAT (after the sixth application). A single control and duplicate
treated samples of cabbage head with wrapper leaves (>4 Ibs/sample) were collected from each
test and placed in frozen storage at each test facility within 1.5 hours. Samples were stored
frozen at the field sites for 8-29 days. Samples were then shipped by ACDS freezer truck to the
analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored at <-18EC until
analysis.

B.3. Analytical Mecthodology

Residues of endothall {free acid) in/on cabbages were detenmined using a LC/MS/MS method
(Method No. KP-242R 1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (i:] v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397—166 ion transition was used for quantifying

DP# 35631 S/MRID No. 47520704 Page6ord || ‘i
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residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
inon cabbage is 0.05 ppm, and the 1.OD was estimated to be 0.002 ppm.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of cabbage were fortified with endothall at 0.05-5.0 ppm for method
validation, and control samples were fortified with endothall at 0.05 and 1.0 ppm for concurrent

recoveries.
C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on cabbage was
adequately validated prior to and in conjunction with the analysis of field trial samples. The
average method validation recoveries (£S.1.) were 93 + 10% and the average concurrent
recoveries (#S.D) were 93 + 6% for cabbage. Apparent residues of endothall were <L OQ infon
contro] samples of cabbage. Adequate sample calculations and example chromatogrars were
provided, and the fortification levels used for the method recoveries were similar in magnitude to
the measured residue levels.

Cabbage samples were stored at <-18°C for up to 118 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen lettuce
for up to 465 days (47520719.der, under review). The stability data for lettuce will support the
storage durations and conditions for the current fieid trials.

Following six overhead sprinkler applications with irrigation water containing endothall at § ppm
(5.64-7.00 1b ae/A/season), endothall residues at 0 DAT were <0.05-0.75 ppm in/on 4 samples of
cabbage (Table C.3). The average residues were 0.062 ppm and the HAFT residues were 0.063
ppm for cabbage (Table C.4). No residue decline data were provided.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study were not likely to have had a notable
impact on the residue data. No phytotoxicity was noted on the treated cabbage crops,

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Cabbage,
Matrix Spike Level Sample Size Reeaveries Mearn =+ Std. Dev. )
(ppm} (n) (%) {%)
Method Validation
0.05 3 108, 81, 103 9%+ 15
Cabbage, head 05 3 91, 100, 90 94+ 6
with wrapper
leaves 5.0 3 80, 89, 90 86+6
Tota} 9 80-108 93 £ 10
Concurrent Recoveries
Cabbage, head 0.05 ! 97 27
wilh wrapper 0.5 } 88 8%
teaves Total 2 £8-97 93 £6
Standard devialions are calculated for data sets having =3 values.
DPi 356315/MRID No. 47520704 Page 7 of 9
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TABLE C.2. Summary of Storage Conditions.

Matrix Storage Temperature Actual Storage Duration Interval ofDemo'nfstratcd
(nc} (days)l Stm‘age Stabll lty
(days)®
Cabbage <18 61-118 465

Interval from harvest to extraction for analysis. Extracts were slored up to | day prior to analysis.
Endothall is stable in frozen lettuce for up to 465 days (47320719.der under review).

X

TABLE C.3. Residue Data frem Cabbage Field Trials with Endothall (SC/L).

Trial ID , , Total Rate ! PHI , I3
(City, Statc; Year) Zone Varicly Matrix o RN (days) Residues (ppm
North Rose, NY .

2006 I | Matsumo wg:;grt:\l«c 4 so 7.00 0 ND 0.075
NY$23

Baptistown, NI .

2006 I | Blue Lagoon | icad with 50 5.64 0 0.065 0.058

wrapper leaves

NJ§08

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the 10lal amount (Ib ae/A) applied.
* Expressed as the frec acid. The LOQ is 0.05 ppm and the estimated LOD is 0.002 ppm.
3. The two residues for each field trial represent two samples from a single plot, not two plots.

TABLE C.4. Summary of Residue Data from Cabbage Field Trials with Endothall (SC/L).

v 2
Commodiry | T0@ Applic. | PHI Residuc Levels (ppl\’d“zd‘ -~
Rate ' (days) i 1 1an can
N Min. Max. HAFT (STMdR) | (STMR) S1d. Dev.
Cabbage, head 5 vom
with wrapper | o o 0 | O 2 | 00615 | 00625 | 00625 | 0.062 0.062 | 0.6007
leaves ) )

The value in parentheses is the total application rate in terms of Ib ac/A,
* Residues are expressed in terms of the free acid. The LOQ is 0.85 ppm. The LOQ was used for all values reported <L.OQ.
' HAFT = Highest Average Ficld Trial.

D. CONCLUSION

The available field trial data are adeguate and support the use of endothall-treated water for
irrigation of cabbages. The data support the use of endothall in irrigation water at a

concentration of 5 ppm (ae), with no more that six applications per season, and a minimum 7-day

interval between applications to the water. Residues in onions are at a 0-day PHI.
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Primary Evaluator W / W Date: $ June 2009

David Soderberg, Chemist, RABV, }fE\?

Approved by (W, MJH DNvegon

William Dondvan, Senior Scientist, RABV,
HED

Date: 5 June 2009

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2006). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520707, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable, Cucurbit Group: Lab Project Number: 29755, Z9755.07-ALS01, Unpublished study
prepared by Interregional Research Project No. 4. 215 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
cucumbers to endothall through the use of treated irrigation water. Two cucumber field trials
were conducted in Zones | and 5 during 2006-2007. In each trial, side-by-side tests were
conducted using irrigation water treated with either the monoalkylamine salt of endothall (2 1b
ae/gal SC/L) at a concentration of 5 ppm ae, or the dipotassium salt of endothall (3.0 Ib ae/gal
SC/L) at a concentration of 3.5 ppm ae. [In order to avoid the complications of different
molecular weights for different salts, endothall concentrations are expressed as the free acid
equivalents (ae).] The treated water was applied in each test during flowering and fruit
development as six broadcast foliar applications using overhead sprinklers, at retreatment
intervals (RTIs) of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,000 gal/A) was
applied for each application. Based on the endothall concentration and the amount of water
applied, the application rate for the monoalkylamine salt of endothall was equivalent to 1.13 b
ae/A/application, for a total of 6.75-6.77 1b ae/A/season. The application rate for the dipotassium
salt was equivalent to 0.80 1b ae/A/application, for a total of 4.80-4.81 1b ae/A/season.

Single control and duplicate treated samples of cucumber were harvested from each test on the
day of the final application (0 days after treatment, DAT), and samples were stored at <-10°C for
up to 478 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on cucumbers were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H;PO,. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed

DP# 356315/MRID No. 47520707 Page 1 of 10
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by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall
acid equivalents. The validated limit of quantitation {(LOQ) for endothall in/on cucumbers is

0.05 ppm.

Endothall residues were 0.234-0,738 ppm infon 4 cucumber samples harvested at 0 DAT
following irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and were
0.310-0.459 ppm in/on 4 cucumber samples harvested at 0 DAT following six irrigation
applications of the dipotassium salt of endothall at 3.5 ppm. Average endothall residues in/on
cucumbers were 0.499 and 0.385 ppm for the monoalkylamine and dipotassium salt
formulations, respectively. The highest average field trial (HAFT) residues were 0.738 and
0.433 ppm for the monoalkylamine and dipotassium salt formulations, respectively.

Although average endothall residues were lower (0.8x) for the dipotassium salt than the
monoalkylamine salt, direct comparison of the two formulations is not possible as the two
formulations were applied at different rates. The monoalkylamine salt was applied at S ppm ae;
however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of the
monoalkylamine salt. [Note that these two different application rates are each entirely consistent
with different label directions for the two salts. The two labels specify recipes that lead to
application of the dipotasium salt at 5 ppm as the salt, and application of the alkylamine salt as 5

ppm as the free acid.]

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the cucumber field trial residue data for
the monoalkylamine salt formulation are scientifically acceptable. However, the field trial data
for the dipotassium salt are not appropriate for direct comparison with the monoalkylamine salt
because the dipotassium was applied at 0.7x the rate of the monoalkylamine salt. Although
limited field trials were performed, these applications are expected to be conservative relative to
actual inadvertent applications. The acceptability of this study for regulatory purposes is
addressed in the forthcoming U.8. EPA Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall {7-oxabicyclo[2,2,1 ] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aguatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed

DP# 3563 15/MRID No. 47520767 Page 2 of 10 L‘P
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only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm infon rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of cucumbers with endothall-treated water.
The chemical structure and nomenclature of endothall and its salts are listed in Table A.1. The
physicochemical properties of technical grade endothall and its salts are listed in Table A2,

Table A.1. Structure and Nomenclature of Endothall and its Salts.

Chemical Structure )
0OH
OH
O
Common name Endothall
Molecular Formula CeHi00s
Melecular Weight 186.16
IUPAC pame 7-oxabicyclo]2.2. 13heptane-2 3-dicarboxylic acid
CAS name 7-oxabicyclof2.2. 1 Jheptane-2,3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Fced Site Registration | Cotion, hops, potato, alfalfa grown for seed
Chemical Structure 0
0.. +
- +
O
Common name Endothall, dipotassium salt
Molecular Formula CgHgK;Os
Molecular Weight 262.33
IUPAC name Not available
CAS name Not available
CAS# 2164-07-0
PC Code 038904
Current Food/Feed Site Registration ; Cotton, hops, potato, alfalfa grown for seed, aguatic uses ]
Chemical Structure 0
-  H.C
o T,
N-—CH,{n)CH
ol y H,(n)CH,
H,C
0 n=7-17

Common name

Endothall, mono-N,N-dimethylalkyl amine salt

DP# 356315/ MRID No. 47520707
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Table A.I. Structure and Nomenclature of Endothall and its Salts,

Molecular Formula

Not available

Molecular Weight

Average: 422

IUPAC name 7-oxabicyclo}2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS namc Not available

CAS # 66330-88-5

PC Codc 038905

Current Food/Feed Site Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2. Physicochemical Pr

operties of Endothall and Salts.

Parameter [ Value | Reference

Endothall (acid)

Melting point 108-110C D187593, D187590, and D137588,
575193, K. Dockter

pH 2.7a125%C {1% solution} D187593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 g/em’® (bulk) a1 25T

D187593, 2187590, and D187533,
5/5/93, K. Dockter

Water solubility at 25C

109.8 g/L.

13.1 g/100 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 g/100 mi in water, pH 9

D166798, 7/2/92, K. Dockier
D207011, 8/30/94, F. Toghro!

Solvent solubility a1 25T

3.4 g/100 mL in acetonitrile
2,4 g/100 mi in n-octanol
16.0 2/100 mL in tetrahydrofuran

D207011, 9/30/94, F. Toghrol

Vapor pressure

39 x 10" mmHp at24.3C

D166798, 7/2/92, K. Dockier

Dissociation constant, pK,

4.32 for Step 1 and 6.22 for Step 2 at 20T (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° wmho within 3-5 minutes at 25T,
by conductivity meter

D188708, 5/3/93, K. Dockter

Octanel/waler partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum Not available
Endothall, dipotassium salt
Melting point >360°C D187593, D187590, and D187588,

5/5/93, K. Dockler

pH

9.1 at 257 1% solution)

DI187593, D1875%90, and DI873588,
5/5/93, K. Dockter

Density, butk density, or specific
gravity

0.766 g/cm” (bulk} at 25%C

D187593, D187590, and D187588,
5/5/93, K. Dockter

Watcr solubility

>65 g/100 mL in water, pH 5, pH 7, and pH 9

D214691, 6/7/95, D, Hrdy

Solvent solubility

<0.001 g/100 mi. in acetonitrile, n-octanol, and
tetrahydrofuran

D2146%1, 6/7/95, D, Hedy

Vapor pressure

Not applicable. An organic acid K salt is
anticipated to have an insignificant vapor pressure.

D178085, 6/18/92, S. Funk

Dissociation constant, pK,

4,16 for Step 1 and 6.14 for Step 221 20T in
water; dissociation completc at 5 mins ¢13.6 % 10°
pEmhe)

D304027, 6/10/2004, D, Soderberg

Cctanol/water partition coefficient

Kow <0.02 and <0.3 at concentrations of 9 x 107
M and 9 x 107 M, respectivcly, at 25

D210314, 8/6/95, §. Knizmer

UV fvisible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Mot available

pH

5.2 at 25%C (1% solution)

D187553, D187590, and D1873588,
5/5/93, K. Dockter

DP# 356315/MRID No, 47520707
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Table A.2. Physicochemical Properties of Endothal] and Salts.

Parameter Value Reference

Density, bulk density, or specific 1.028 g/mL at 25 187593, D187590, and D 187588,
| gravity 3/5/93, K. Dockter

Water solubility at 25°C >49.2 g/100mL in water, pH 5 D210814, 8/9/95, 5. Knizner

251.6 /100 mL. in water, pH 7
249.8 /100 mL in water, pB 9
Solvent solubility at 25 >102.5 p/100mL in acetonitrile D210814, 8/9/95, 5. Knimer
>95.4 g/[00 mL in n-octanol

>104.3 g/100 mL in tetrahydrofuran

Vapor pressure 2.09 x 10° mm Hg at 25C {calculated; mixed D206344, 9/22/%4, F. Toghrol
mono- and dialkylamine (C8-C20})
Dissociation constant, pK, 4.24 for Step 1 and 6,07 for Step 2 at 207 for D198885, 4/7/94, F, Toghrol

mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
317 minutes (1.7 x 10° pmho) at 25°C
Octanol/water partition coefficient | Kow 2.097 at concentrations of 8.9 x 107 Mand | D209995, 1/20/95. L. Edwards
3.9x 10" M, ar 25T
UV/{visible absorption spectrum Not available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two cucumber field trials were conducted in Zones | and 5 during the 2006 and 2007 growing
seasons (Table B.1.1). At cach site, side-by-side tests were conducted using irrigation water
treated with either the monoalkylamine salt of endothall (2.0 Ib ae/gal SC/L) at a concentration
of 5 ppm, acid equivalent, or the dipotassium salt of endothall (3.0 Ib ae/gal SC/L) ata
concentration of 3.5 ppm, acid equivalent. HED notes that although the dipotassium salt was
applied at a concentration of ~5 ppm at, this rate is equivalent to a concentration of 3.5 ppm, acid
equivalent. The treated water was applied in each test during flowering and fruit development as
six broadcast foliar applications using overhead sprinkiers, at RTIs of 6-8 days. A volume
equivalent to ~1 acre inch of water (~27,000 gal/A) was applied for each application. Based on
the concentration of the endothall and the amount of water applied, the application rates for the
monoalkylamine salt of endothall were equivalent to 1.13 Ib ae/A/application, for a total of 6.75-
6.77 b ae/A/season (Table B.1.3). The application rates for the dipotassium salt were equivalent
to 0.80 ib ae/A/application, for a total of 4.80-4.81 b ae/A/season. These applications are
expected to be conservative relative to actual applications,

TABLE B.1.1. Trial Site Conditions,

. N
Trial 1dentification (City, State; Year) Soil characteristics

Type %0OM pH CEC {meq/100g)

Baptistown, NJ 2006
NJ$02 Loam 23 6.7 9.1
Conklin, MI 2007
MI$42 Loam 1.8 6.4 7.6

These parameters are optional except in cases where their value affects the use pattern for the chemical.

DP#356315/MRID No., 47520707 Page 5 of 10

1317

1



F+f Endothall/038901/Interregional Research Project No. 4

DACO 64, 7.4, 7.8/OPPTS 860.1400/OECD IIIA 8.4.3 and [1IA 8.3
Water, Fish, and Irrigated Crops - Irrigated Cucumbers

TABLE B.1.2. Water Characterization.

i Water characteristics
Study site — -

Type Hardness/Salinity pH Turbidity | Dissolved OM

Baptistown, NJ 2006
NJS02 Well NR NR NR NR
Conklin, MI 2007
MIS42 Well NR NR NR NR

NR= not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).
TABLE B.1.3, Study Use Pattern.
Location End-Use Application Information
(City, State; Year) | 0 5 Method: Timin Concen.? | Yolume | SingleRate® j  RTI * | Total Rate *
Trial ID ; £ : (gal/A) * (Ib ae/A) (days) (Ib ac/A)
Baptistown, NI Six overhead sprinkler
2006 2.0 Io/gal | applications during
NJS02 SC | flowering and fruit 30 27,170 .13 6-8 6.75
developmenl
Six overhead sprinkler
3.0 Ib/gal | applications during
SC flowering and fruit 3.5 21,170 0.80 6-8 4.80
development
Conklin, MI 2007 Six overhead sprinkler
M1$42 2.0 Ib/gal | applications during 27,154~
SC flowering and fruit 3.0 27,162 113 7 6.77
development
Six overhead sprinkler
3.01b/gal | applications during 27,152~
sC flowering and fruit 35 27,163 0.80 7 481
development

’ The two formulations used are expressed in |b acid equivalent/gal. The monoalkylamine salt is a 2.0 Ib ac/gal SC/L and the
dipotassium salt is 2 3.0 Ib ae/gal SC/L.. When applied according to the label directions, the maximum eoncentration for
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for1he dipotassium sah.

? The conceniration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.

* The target irrigation rate was | acre inch of water or 27,154 gal/A.

* The equivalent figld use rates werg calculated by the reviewer based on the concentration of the endothall {ae), the application
volume and plot size,

* RTI = Retreatment Interval.

DP# 35631 5/MRID No. 47520707
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TABLE B.1.4. Trial Numbers and Geographical Locations,

NAFTA - Cucumber

Growi}ng Submitted Requested!

Zones Canada u.s.
1 1 - -
2 - - 3
3 - - 1
4 - - -
5 1 - 2
6 - - 1

7 - - -
] - - -
9 - - -
10 -~ - I
11 - - -
12 - - -
13 - - -
Total 2 - 8[6)°

Based on EPA OPPTS Guideline 860.1500.
* The number in brackets indicates a 25% reduction required to support a crop group tolerance.
* ones 1A, 5 A and B, 7A and 14-21 were not included as the proposed use is for the 11.5. only

B.2. Sample Handling and Preparation

Duplicate control and treated samples (24 1b/sampie, 12-24 fruits) of cucumbers were harvested
at 0 DAT (after the sixth application) and placed in frozen storage at the test facility within 5.2
hours. Samples were stored frozen at the field sites for 4-29 days prior to shipment by ACDS
Freezer truck to the analytical laboratory, ALS Laboratory Group (Edmonton, AB, Canada)
where they were stored at <-10°C until analysis.

B.3. Analytical Methodelogy

Residues of endothall (free acid) infon cucumbers were determined using a LC/MS/MS method
(Method No. KP-242R 1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and fiitering. Residues were then derivatized with HFTH in 50% H;POj; at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS
using external standards. The m/z 397--166 ton transition was used for quantifying residues.
Residues are expressed in endothall acid equivalents, The validated LOQ for endothall in/on
cucumbers is 0.05 ppm, and the estimated LOD was 0.0025 ppm.

DP# 3563 15/MRID No. 47520707 Page 7of 10 j }
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of peaches were fortified with endothall at 0.05-5.0 ppm for method
validation and at 0.05-1.0 ppm for concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on cucumbers was
adequately validated prior to and in conjunction with the analysis of field trial samples. Method
validation recoveries averaged 114% with a standard deviation of 8%, and concurrent recoveries
averaged 92% with a standard deviation of 5% (Table C.1). Apparent residues of endothall were
<LOQ in/on all control samples. Adequate sample calculations and example chromatograms
were provided, and the fortification levels used for method recoveries were similar in magnitude
to the measured residue levels.

Cucumber samples were stored frozen at <-10°C for up to 478 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes
for up to 467 days (47520719.der, under review). These data will support the storage durations
and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.76-6.77 1b ae/A/season),
endothall residues were 0.234-0.738 ppm in/on 4 samples of cucumbers harvested at 0 DAT
(Table C.3). Average endothall residues were 0.499 ppm, and the HAFT residues were 0.738

ppm (Table C.4).

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm, acid equivalents (4.80-4.81 Ib ae/A/season}, endothall residues were
0.310-0.459 ppm infon 4 samples of cucumber harvested at 0 DAT. Average endothall residues
were 0,385 ppm, and the HAFT residues were 0.433 ppm. No residue decline data was

provided.

Although average endothall residues were lower (0.8x) for the dipotassium salt than the
monoalkylamine salt, dircct comparison of the two formulations is not appropriate because the
two formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm
acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x
the rate of the monoalkylamine salt. Although the dipotassium salt of endothall was applied
according to label directions, using a concentration of 5 ppm ai for the irrigation water, this
application rate did not take into account the acid equivalency of the dipotassium salt.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study did not have a notable impact on the
residue data. Phytotoxicity was reported in the NJ test and included loss of older leaves, stunting
of growing tips, cupping of young leaves, chlorosis, and cessation of flowering. However, fruit
set and growth were not effected.

DP#356315/MRID No. 47520707 Page 8 of [0
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TABLE C.1, Summary of Method Validation and Concurrent Recoveries of Endothall from Cucumber.
Matrix Spike Level Samplc Size Recoveries Mean + S1d. Dev. !
(ppm) (n} (%) (%)
Method Validation
0.05 3 110,119, 111 1135
0.5 3 96,117,118 110+ 13
Fruit 5.0 3 116,117, 119 1172
Total 9 96-119 114 =R
Concurrent Recovertes
0.05 1 99 99
0.5 1 96 96
Fruit 1.0 3 87,88, 92 8943
Total 5 §7-99 92 &5

Standard deviations were calculated only for datasets having >3 values.

TABLE C.2. Summary of Storage Conditions.

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
(°C) {days)' Sterage Stability (days)?

Cucumber <10 478 467

Interval from harvest to extraction for analysis. Extracts were stored up to 5 days prior to analysis.
? Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review).

TABLE C.3. Residue Data from Cucumber Field Trials with Endothall Salts (SC/L).

Trial ID X : Total Rate ! PHI '

; Zone Varie Mat Resid %3
(City, State; Year) 4 atrix pa— baon ] (days) esidues (ppm)
113§pg;tewn, NI 2006 I | Burpless bush " Fruit 5.0 6.75 0 0.738 0.738

$ 3.5 4.80 0 0.406 0.459
Conklin, M1 2007 . . 5.0 6.77 0 0.234 0.284
MIS42 3 Fancipack Fruit

3.5 4.81 0 0.337 0.319

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (15 ae/A) applied.

The application concentrations were 5 ppm ae {or the monoalkylamine salt and 3.5 ppm ae for the dipotassium salt,
> Expressed in endothall acid equivalents, The LOQ is 0.05 ppm.
% The two results for each field trial represent two samples taken from a single plot, not two plots.

TABLE C.4. Summary of Residue Data from Cucumber Field Trials with Endothall Salts (SC/L).
. : F3
Commoity End-Use A’Il;(:ﬁl (PHI} Residue Levels {g:j)ian —
Products ¥ days : 3 ean
Rate N Min. Max, HAFT (STMAR) | (STMR) S1d. Dev.

. Monoamine 5 ppm
Fruit salt (SC/L) | (6.75-6.77) 0 2 0.259 0.738 0.738 0714 0.714 0.393

. Dipotassiure } 3.5 ppm ' wi b o B nn ro '
Fruit salt (SCIL) | (4.80-4.81y 0 2 0324 0.433 0.433 0522 { 0522 [ 0.389

1b aefA.

2 Residues are expressed in terms of the free acid. The LOQ is 0.5 ppm.
3 1AFT = Highest Average Field Trial.

The concentrations are expressed in acid eguivalents, and the values in parentheses are the total application rate in 1erms of

DP# 35631 5/MRID No. 47520707
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D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of cucumbers. The data support the use of the monoalkylamine salt of endothall in
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium salt of endothal] in
irrigation water at a concentration of 3.5 ppm ae. No more that six applications of treated water
should be made per season with a minimum 7-day interval for application to the water. Results

are for cucumbers at a 0-day PHIL

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315

PC Code: 038901, 038904, and 038905

Temptale Version June 2005
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Primary Evaluator ﬂ 5 ‘d M\? / Date: 5 June 2009
David Soderberg, Chemist,
Approved by W/ M«»ﬁd . &c Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation {1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, cotrectness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520705, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable, Legume Group: Lab Project Number: Z9765. 29765.07-ALS05 Unpublished study
prepared by Interregional Research Project No. 4. 440 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a soybean processing study reflecting the
exposure of soybeans to endothall through the use of treated irrigation water. In a field trial
conducted in IA (Zone 5) during 2007, a 2.0 1b ae/gal soluble concentrate (SC/L.} formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In
order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to soybeans as six broadcast foliar applications during seed
and pod development at retreatment intervals (RTIs) of 6-8 days. A volume equivalent to | acre
inch of water {~27,154 gal/A) was applied for each application. Based on the concentration of
the endothall in the irrigation water and the amount of water applied, the application rate for
endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.77 b ae/A/season.

Single bulk control and treated samples of soybeans were harvested at normal crop maturity,
immediately following the last irrigation (0 days after treatment, DAT). The soybeans were
processed into hulls, meal and refined oil using simulated commercial procedures. Samples were
stored at <-10°C for up to 78 days (seeds) or 20 days (hulls, meal and oil) prior to analysis. The
sample storage intervals and conditions are supported by the available storage stability data.

Residues of endothall (free acid) infon soybean seed, hulls, meal and oil were determined using
an adequate LC/MS/MS method (Method No. KP-242R1). For each commodity except oil,
residues were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine
(HFTH) in 50% H3PQO4. Oil samples were diluted with water and partitioned against hexane, and
the aqueous soluble residues were then derivatized with HFTH. The derivatized residues from
each matrix were then cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by
elution through an amine solid phase extraction {(SPE) cartridge. Residues were then analyzed

DP# 356315/ MRID No. 47520705 Page | of 8
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by LC/MS/MS using external standards for quantitation. The validated limit of quantitation
(LOQ) for endothall is 0.05 ppm in each soybean matrix, and the estimated limit of detection
(LOD) was reported to be 0.0001 ppm.

Following six overhead sprinkler applications of endothall {monoalkylamine salt) to soybeans at
rates totaling 6.77 |b ae/A, endothall residues were 0.02] ppm in/on whole seeds, (0.083 ppm
in/on hulls, 0.017 ppm in meal, and nondetectable (<0.0001 ppm) in refined oil. The processing
factors were 3.9x for hulls, 0.8x for meal, and <0.005x for 0il. The theoretical processing factors
for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the soybean processing study is classified
as scientifically acceptable. The acceptability of this study for regulatory purposes is addressed
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided, No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] 1s a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccationy defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm infon cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw {40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a soybean processing study reflecting irrigation of soybeans with endothall-
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine
salt are Jisted in Table A.1. The physicochemical properties of technical grade endothall and its
monoalkylamine salt are listed in Table A.2.

DP# 3563 15/MRID No. 47520705 Page 2 of 8
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Table A.1. Endothall and Salts Nomenclature

Chemical Structure O
OH
OH

O
Common name Endothall
Molecular Formula CaH 1605
Molecular Weight 186.16
1UPAC namc 7-oxabicyclo[2.2, lheptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclof2.2. 1Theptane-2 3-dicarboxylic acid
CAS# 145-73-3
PC Code 038961
Current Food/Feed Site Registration ; Cotton, hops, potato, alfalfa grown for seed
Chemical Struciure O

- H,C
© 3 N—cH (mCH
— n
OH / 2 3
H,C
fe) (n=7-17

Common name Endothall, mono-NN-dimcthylalkyl amine salt
Molecu lar Formula Not available
Molecular Weight Average: 422

IUPAC name T-oxabicyclo[2.2. 1jheptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS namc Not available

CAS# 66330-88-9

PC Code 038903

Current Food/Feed Site Repistration

Cotton, hops, potato, alfalfa grown for seed, aguatic uses

Table A.2. Physicechentical Properties of Endothall and Salts

Parameter [Value 1 Reference

Endethall (acid)

Melting point 108-110TC D187593, ©187590, and D187588,
575193, K. Dockter

pH 2.7 at 25T (1% solution) D187593, 187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

8.48] g/em’ (bulk) at 25T

D187593, D187590, and D187588,
5/5/93, XK. Dockter

Water solubiiily at 25%

109.8 g/L

13.1 g/100 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 ¢/100 mL in water, pH 9

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F, Toghrol

Solvent solubility at 25T

3.4 /100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 g/100 mi in tetrahydrofuran

D207011, $/30/94, F, Toghro!

Vapor pressurc

3.92x 10" mmHpat 243

D 166798, 7/2/92, K. Dockler

DP# 3563 15/MRID No. 47520705

Page 3 of 8

13972



Awf Endothall/038901/Interregional Research Project No. 4
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD 1A 8.4.3 and 111A 8.3
Water, Fish, and Irrigaled Crops —~ Soybean processtag stedy

Table A.2, Physicochemical Properties of Endothall and Salts

Parameter

Value

Reference

Dissociation constant, pK,

4.32 for Step 1 and 6.22 for Step 2 at 20T (0.2%
solution in 20% basic cthanol}; dissociation rate

1.8-2.3 x 10" pmho within 3-5 minutes at 1125,

by conductivity meter

D188708, 5/3/93, K. Dockter

Cctanol/water partition coefficient

Not applicable to endothali acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum

Mot available

Endothall, mono-N,N-dimethyl

alkyl amine sal¢

Boiling point

Not available

pH

5.2 at 25C (1% solution}

D187593, D187590, and D 187588,
3/3/93, K. Dockter

Density, bulk density, or speeific
gravity

1.028 g/mL &t 25°C

D187593, D187590, and D187588,
5/5/93, K. Dockier

Water solubility at 25C

>49 2 g/100mL in water, pH 5
>51.6 g/100 mL in water, pH 7
>459.8 ¢/100 mL in water, pH &

D210814, 8/9/93, S. Knizncr

Selvent solubitity at 25

>102.5 g/100mL in acetonitrile
>95.4 g/100 mL in n-octanol
>104.3 g/100 mL in tetrahydrofirran

D210814, 8/9/95, 5. Knizner

Vapor pressurc

2.09 x 10°° mm Hg a1 25 {calculated; mixed
mono- and dialkylamine (C8-C20)}

0206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step | and 6.07 for Step 2 at 20°C for
mixed mono- and diatkylamine (C8-C20} in
acidified ethanol/water; dissociation complete
517 minutes (1.7 x 10° gmho) at 25T

D 198885, 4/7/94, F. Toghrol

Octanel/water partition coefficicnt

Kow 2.057 at concentrations of 8.9 x 10” M and
8.9% 10°M, a125C

D209995, 1/20/95, L. Edwards

UWV/visible absorption spectrum

Not available

B-

B.1.

EXPERIMENTAL DESIGN

Application and Crop Information

In a field trial conducted in 1A (Zone 5) during 2007, soybeans were irrigated with endothall-
treated water using overhead sprinklers (Table B.1.1). The urigation water was treated with
endothall (2.0 Ib ae/gal SC/L. monoalkylamine salt) at a concentration of ~5 ppm, acid
equivalent. The treated field was irrigated six times during seed and pod development at RTIs of
6-8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each
irrigation. Based on the concentration of the endothall and the amount of water applied,
application rate for endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.77 1b

ae/A/season,

DP# 35631 5/MRID No. 47520705
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TABLE B.1.1. Study Use Pattern.
?gﬁi;{lg?atc' Year) | Ene-Use Api)f] ljmmn mfosr'm a; m; e | RTI® Total Rat
s : Product P ! olume ingle Rate otal Rate
Trial ID Method; Timiug | Concen.™ } a2 | b aera)’ (days) {Ib ae/A) *
Richland, 1A 2007 Six broadcast foliar
1A813 appl ication from
20 o8 | lowering through 500 | 27,154 113 6-8 6.77
fruit maturation using
overhead sprinklers, l_

The concentrate of endothall (in acid equivalents) in the irrigation water, No adjuvants werc included in the irrigation water,
2 The target ifrigation rate was | acre inch of water or 27,154 gal/A.
? The equivalent field usc rates were calculated by the reviewer based on the concentration of the endothall (ac), the application

volume and plot size.
* RT1= Retreatment Interval.

B.2. Sample Handling and Processing Procedures

Single control and treated bulk samples of soybean seeds (=73 Ib/sample) were harvested at 0
DAT, and shipped by ACDS Freezer truck to the processing facility, GLP Technologies,
Navasota, TX. Samples were placed in frozen storage <10°F prior to processing, which was
completed within 42-44 days of harvest. Samples were processed into hulls, meal and refined oil
using simulated commercial procedures (Figure B.1).

Seeds were first dried to a moisture content of <13.5%. Light impurities and foreign particles
were then separated and the clean, whole seed was fed into a roller mill to crack the hull and
liberate the kernel. After hulling, hulls and kernels were separated. The kernel material was
heated to 160-1753°F and flaked, which were extruded into collets. The collets were extracted
with hexane repeatedly and extracted collets were desolventized in a paddle blender to remove
residual solvent. Crude oil and hexane was passed through a laboratory vacuum evaporator to
separate the crude oil and hexane. The crude oil was alkali refined to separate the soapstock
from the oil.

Samples were transferred to frozen storage (<-12°C) immediately after processing and shipped
frozen by overnight courier on dry ice 3 days after processing to the analytical laboratory, ALS
Laboratory Group (Edmonton, AB, Canada). At ALS, the processed samples were stored frozen
(<-10°C) prior to analysis.

DP# 3563 15MRID No. 47520705 Page 5 of 8
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C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on soybeans and soybean
processed fractions was adequately validated prior to and in conjunction with the analysis of
field trial samples. Average method validation recoveries (+SD) were 97 & 16% for soybean
seeds and 101 % 8% for soybean oil (Table C.1). Concurrent recoveries averaged 86 + 9% for
soybeans and 84% for soybean refined oil (n=2). Apparent residues of endothall were <LOQ
in/on control samples. Adequate sample calculations and example chromatograms were
provided and the fortification levels used for method recoveries were similar in magnitude to the
measured residue levels.

Soybean seeds and processed products were stored frozen at <-10°C for up to 78 and 20 days,
respectively, prior to analysis (Table C.2). Adequate storage stability data are available
indicating that endothall is stable in frozen soybean seeds and oil for up to 305-316 days
(47520719.der, under review). These data will support the storage durations and conditions for
the soybean processing study.

Following six ovethead sprinkler applications of endothall (monoalkylamine salt) to soybeans at
rates totaling 6.77 lb ae/A, residues were 0.021 ppm infon whole seeds (<LOQ), 0.083 ppm in/on
hulls, 0.017 ppm in meal, and nondetectable (<0.0001 ppm) in refined oil (Table C.3). Although
residues were <LOQ, detectable residues of endothall were found in seeds and meal. Therefore,
values <LOQ, but >LOD were used for calculating the processing factors. The processing
factors were 3.9x for hulls, 0.8x for meal, and <0.005x for oil. The theoretical processing factors
for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil.

TABLE C.1. Summary of Method Valldation and Concurrent Recoveries of Endothall from Soybeans.
Matrix Spike Level Sample Size Recoveries Mean + Std, Dev.
{ppm) (n) (%%} (%)
Method Validation
0.05 3 83, 76, 71 764
0.5 3 108, 101, 115 108 +7
Soybean seed 5.0 3 104, 104,113 187 +5
Total 9 71-115 97+ 14
0.05 3 86, 100, 97 94+ 7
Soybean, refined 0.5 3 111, 104, 114 110+5
oil 5.0 3 99, 98, 100 99 + |
Total 9 86-114 161 +8
Concurrent Recoveries
0.05 3 92,99, 91 9444
Soybean seed .5 3 81,75, 78 78+ 3
{dried) Total 6 75-99 86+ 9
Soybean, refined 0.05 1 92 24
oil 0.5 1 76

Standard deviations are calenlaied for data sets having =3 values.

PPH 3563 15/MRID No, 47520705 Page 7 of 8
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l TARBRLE C.2. Summary of Storage Conditions,
Maltrix Storage Temperature Actual Storage Duration Interval of Demonstrated
°C) (days)' Storage Stability (days) *
Whole seed 78
17
Meal <10 305-316
Hulls 19
Refined oil 20

Inlerval from harvest to extraction for analysis. Extracts were stored up 20 9 days prior 1o analysis.

% Endothall is stable in frozen sovbean seeds and oil for up to 305-316 days (47520719 der under review).

TABLE C.3,  Residue Data from Soybean Processing Study with Endothall Monoalkylamine Salt (SC/L).
RAC Processed Commodity Tolal Rate PHI Residues Processing
ppr 16 ae/A (days) {ppm) * Factor *
Soybean Whole Sced (RAC) {0.0212) -
Hulls 5.0 677 0 0.0829 3.9
Meal (0.0165} 0.78x
Refined oil ND <0.005x

The rale is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (b ae/A} applied.

* Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD cstimated 1o be 0.0001 ppm. Values <LOQ but 2LOD are
listed in parentheses.

3 Values <LOQ but >LOD were used for calculating processing factors.’

ND = not detected.
D. CONCLUSION

The soybean processing study is adeguate. Endothall residues were reduced in both soybean
meal (0.8X) and oil (<0.005x), but concentrated in soybean hulls (3.9x).

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
PC Code: 038901 and 038905

Template Version Jupe 20035
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William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1810 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520708. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit,
Citrus Group: Lab Project Number: 29759, 729759.07-CERO8 Unpublished study prepared by
Interregional Research Project No. 4. 230 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a citrus processing study reflecting the
exposure of orange trees to endothall through the use of treated irrigation water. In a field trial
conducted in FL (Zone 3) during 2006, 2 2.0 Ib ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. {In
order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to the orange trees as six broadcast foliar applications during
fruit development at retreatment intervals (RT1s) of 5-6 days. A volume equivalent to | acre
inch of water (~27,154 gal/A) was applied for each application. Based on the concentration of
the endothall and the amount of water applied, the application rate for endothall was equivalent
to 1.10 Ib ae/A/application, for a total of 6.63 Ib ac/A/season.

Single bulk control and treated samples of oranges were harvested at normal crop maturity,
inimediately following the last irrigation (0 days after treatment, DAT). The fruit was processed
into juice, oil and dried pulp using simulated commercial procedures. Samples of whole fruit,
juice, oil, and dried pulp were stored at <-18°C for up to 121 days prior to analysis. The sample
storage intervals and conditions are supported by the available storage stability data.

Residues of endothall (free acid) in/on whole fruits and each processed fraction were determined
using an adequate LC/MS/MS method (Method No. KP-242R1). Residues in whole fruits and
pulp samples were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine
(HFTH) in 50% H;PO4. Juice samples were first diluted with water and then derivatized wit
HFTH. Oil samples were diluted with water and partitioned against hexane, and the aqueous
soluble residues were then derivatized with HFTH. The derivatized residues from each matrix
were cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by elution through an

DP# 35631 /MRID No, 47520708 Page | of 9
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amine solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. The validated limit of quantitation (LOQ) for endothall is
0.05 ppm in each citrus matrix, and the estimated limit of detection (LOD) was 0.0025 ppm.

Although endothall residues were <LOQ in/on whole orange fruits and in each processed
fraction, residues above the LOD were detected in each fraction except oil. Residues were
detected at 0.019 ppm in/on whole fruit and at 0.014 ppm in juice, 0.041 ppm in dried pulp.
Residues in oil were <LOD. Based on these residue values the processing factors were 0.7x for
juice, 2.2x for dried pulp, and <0.2x for oil. The theoretical processing factors for citrus juice
and oil are 2x and 1000x, respectively.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the citrus processing study is classified as
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to thie dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium {(PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defohation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a citrus processing study reflecting irrigation of orange trees with endothall-
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine
salt are listed in Table A.I. The physicochemical properties of technical grade endothall and its
monoalkylamine salt are listed in Table A.2.

[Table A.1. Nomenclature of Endothall and its Monoalkylamine Salt. |

DP# 3563 13/MRID No. 47520708 Page 2 of 9
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Table A.1. Nomenclature of Endothall and its Monoalliylamine Salt.

Chemical Structure 0O

OH

O

0
Common name Endothall
Molecular Formula CeH,0s
Molecular Weight 186,16
TUPAC name 7-oxahicyclo{2.2. 1Theptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclof2.2. | Jheptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Registration i Corton, hops, potato, alfalfa grown for seed
Chemical Structere 8]
- H.C
0 A
N--CH,(n)CH
OH / L(MCH;
H,C
O (n=7-17

Common name Endothall, mono-NN-dimethylalkyl amine salt
Molecular Formula Not available
Molecular Weight Average: 422

TUPAC name 7-oxabicyclo[2.2. 1]heptane-2,3-dicarhoxylic acid, compound with N,N-
dimethylcocoamine

CAS name Not available

CAS# 66330-88-9

PC Codc 038905

Cunient Food/Feed Site Registration

Cotton, hops, potato, aifalfa grown for seed, aquatic uses

DP# 356315/MRID No. 47520708
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt.
Parameter | Value { Reference
Endothall (acid)
Melting point 108-110T D187593, D1875%0, and D187588,
3/5/93, K. Dockter
pH 2.7 at 25C (1% selution) D187593, D187590, and D1 87588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 glem” (bulk) at 25T

D 187593, D187590, and D187588,
3/5/93 K. Dockier

Water solubility at 25T

109.8 /L.

13.1 ¢/160 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12,5 /100 ml. in water, pH 9

D166798, 7/2/92, K. Dockier
D2070t1, 9/30/94, F. Toghrol

Solvent solubility at 23C

3.4 £/100 mi. in acetonitrile
2.4 g/100 mL in n-octanol
16.0 /100 mL in tetrahydrofuran

D207011, 9/30/94, F. Toghrol

Yapar pressure

3.92x 107 mm Hg at 24.3C

D166798, 7/2/92, K.. Dockter

Dissociation constant, pK,

4,32 for Step | and 6.22 for Step 2 at 207 (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10" umho within 3-5 minutes at 25T,
by conductivity meter

D 188708, 5/3/93, K. Dockter

Octanol/water pantition coefficient

Not applicable to endothall acid

D 166798, 7/2/192, K. Dockter

UV/visible absorption spectrum

Not available

Endethall, mono-N,N-dimethyl

alkyl amine salt

Boiling peint

Not available

pll

5.2 at 25C (1% solution)

T 187593, D187590, and D 187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mi at 25T

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubility a1 257

>49,2 g/100mL in water, pH 5
>51.6 g/100 mL in water, pH4 7
249.8 g/100 ol in water, pH 8

D210814, 8/9/95, 5. Knimer

Solvent solubility at 25C

=102.5 g/100ml in acetenitrile
295.4 g/100 mL in n-octanol
2104.3 g/100 mL in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 % 10°° mm Hg at 25°C (calculated; mixed
monao- and dialkylamine {C8-C20))

D206344, 9/22/94, F. Toghrol

Dissociation consiant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 20T for
mixed mone- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
017 minutes (1.7 x 10° ymho) a1 25T

D 198885, 4/7/94, F. Toghrol

Qctanoliwater partition coefTicient

Kow 2.097 at concentrations of 8.9 x 10° M and
8.9x 16 M, at 25

D209995, 1/20/95, L., Edwards

Not available

UV/visible absorption spectrum

B. EXPERIMENTAL

B.1L.

DESIGN

Applieation and Crop Information

In a field trial conducted in FL during 2006, orange trees were irrigated with endothall-treated
water using overhead sprinklers (Table B.1.1). The irrigation water was treated with endothall
(2.0 1b ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The

trees were irrigated six times during fruit development at RTls of 5-6 days. A volume equivalent
to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the
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concentration of the endothall and the amount of water applied, application rate for endothail
was equivalent to 1.10 Ib ae/A/application, for a total of 6.63 1b ae/A/season.

TABLE B.1.1. Study Use Pattern.
Location End-Use Application Information
(City, State; Year) | Method: Timin Concen, } | Volume | SingleRate { RTI ? Total Rate
Trial ID : £ : (gal/A)? | (bae/A)? (days) (Ib ae/A)?
QOviedo, FL 2006 Six broadcast foliar
FLE1O 2.0 ln/gal | application during fruit 26,701-
5C development using 548 26,721 110 3-6 6.63
overhead sprinklers,

The concentrate of endothall (in acid equivalents) in the irsigation water. No adjuvants were included in the irrigation water.
% The target irrigation rate was | acre inch of water or 27,154 gal/A.
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot size.
* RTI= Retteatment Interval.

B.2. Sample Handling and Processing Procedures

Single control and treated samples of oranges (~500 Ib/sample) were harvested at 0 DAT (after
the sixth application) and were shipped fresh under ambient conditions on the day of harvest via
overnight courier to the processing facility, Englar Food Laboratorites, Inc., Caldwell, ID.
Samples were received by the processor two days after harvest and were placed in cool storage
4%3°C prior to processing, which was completed within 5-9 days of harvest.

Oranges were processed into dried pulp, oil and juice according to simulated commercial
procedures (Figure B.1). The oranges were washed for 5 minutes in water, and abraded to
collect the oil. The oranges were then extracted using a commercial juice extractor to produce
the juice fraction. For dried pulp, the peel was shredded, combined with the waste from the oil
extraction and seeds to generate wet peel. Lime was added and the wet pulp was dried to 4.4~
4.5% moisture on an air dryer.

Samples of whole fruit and each processed fraction were placed in frozen storage (-17 = 8°C)
immediately after processing and shipped 20-24 days later by overnight courier on dry ice to the
analytical laboratory, Cerexagri, Inc. (King of Prussia, PA), At Cerexagri, the processed samples
were stored at <-18°C until analysis.

DP# 356315/MRID No. 47520708 Page 5 of 9
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FIGURE B.1. Processing Flowchart for Oranges.
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B.3. Analytical Methodology

Residues of the free acid of endothall in/on citrus fruits and processed citrus fruit fractions were
determined using a LC/MS/MS method (Method No. KP-242R 1} entitled “Analytical Methed for
Determination of Endothall in Crops”, issued 5/4/2007.

For this method, residues in whole fruit and pulp were extracted twice by homogenization with
water followed by centrifugation and filtering. For jutce, the sample was only diluted with water
prior to derivatization. For oil, the sample was mixed with water and then partitioned 3x with
hexane, discarding the hexane phases. Residue in the resulting water fractions from each matrix
were then derivatized with HFTH in 50% H3;PO;s at 100-120°C for 90 minutes. After cooling,
the derivatized residues were partitioned into MTBE, evaporated to dryness, and reconstituted in
hexane:MTBE (1:1 viv). Residues were then cleaned using an amine SPE cartridge eluted with
methanol:MTBE (1:4). Residues were analyzed by LC/MS/MS using external standards. The
m/z 397— 166 ion transition was used for quantifying residues, and residues are expressed in
acid equivalents. The validated LOQ for endothall is 0.05 ppm, and the estimated LOD is

0.0025 ppm.

For method validation, control samples of whole fruits were fortified with endothall at 0.05-5.0
ppm. For concurrent recoveries, control sample were fortified with endothall at 0.05-1.0 ppm for
whole fruit and at 0.05 and 0.50 ppm for each processed fraction.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon oranges and orange
processed products was adequately validated prior to and in conjunction with the analysis of field
trial samples. For whole fruits, the method validation recoveries averaged 75% with a standard
deviation of 4%, and the concurrent recoveries averaged 73% with a standard deviation of 2%
(Table C.1). The average concurrent recovery was 77% for dried pulp, 90% for juice and 91%
for oil. Apparent residues of endothall were <LOD in/on control samples of each matrix.
Adequate sample calculations and example chromatograms were provided and the fortification
levels used for method recoveries were similar in magnitude to the measured residue levels.

Orange fruit, dried pulp, juice and oil samples were stored frozen at <-18°C for up to 121 days
prior to analysis (Table C.2). Adequate storage stability data are available indicating that
endothall is stable under frozen storage condttions for up to 467 days in tomatoes (acid fruit) and
for up to 306 days in soybean oil (47520719.der, under review). These stability data will support
the storage durations and conditions for the orange processing study.

Endothall residues were <0.05 ppm in/on whole fruits and each processed fraction (Table C.3).
Although residues were <L.OQ, residues above the LOD were detected in each fraction except
oil. Endothall residues were detected at 0.019 ppm infon whole fruit used for processing and at
0.014 ppm in juice, 0.041 ppm in dried pulp. Residues in oil were <L.LOD. Based on these
residue values the processing factors were 0.7x for juice, 2.2x for dried pulp, and <0,2x for oil.
The theoretical processing factors for citrus juice and oil are 2x and 1000x, respectively.

DP# 356315/MRID No. 47520708 Page 7 of &
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TABLE C.i.  Summary of Method Validation and Concurrent Recoveries of Endothall from Oranges
and Orange Processed Fractions,
Matrix Spike Levci Sample Size Recoveries Mean + Std. Dev,
(ppm} (n) (%) (%)
Method Validation
0.05 3 16,72, 74 T4£2
- 05 3 72,72, 73 72¢ |
Frui 50 3 76, 73, 85 784 6
Total 9 72-85 T5+4
Concurrent Recoveries
0.05 2 76, 71 7
0.5 i 74 74
Fruit 1.0 ! 72 72
Total 4 71-76 73£2
Diried pulp 0.05 I 8 77
0.5 1 71
Juice 0.9 L 3 50
0.5 | 104
oil 0.05 I 95 91
0.5 1 87

Siandard deviations are caleulated for data seis having 23 values.

TABLE C.2,  Summary of Storage Conditions.

Matrix Storage Temperature Actual Storage Duratien Interval of Demenstrated
(°C} {days) Storage Stability (days)?

Orange, unwasghcd fruit 109

(RAC) 467

Dried pulp =18 121

Juice 114

Qil 120 306

Interval from harvest to exiraction for analysis. Exiracis were stored up t0 2 days prior to analysis.
¥ Endothall is stable in frozen tomatoes for up 1¢ 467 days and frozen soybean oil for up 1o 306 days (473207(9.der under
review),

TABLE C3. Residue Data from Qrange Processing Study with Endothall,
RAC Processed Commodity Total Rate ' PHI Residues Processing
ppm Ib ae/A (days) (ppm) ! Factor
QOrange Fruit Whole unwashed fruit {RAC) 0.019 "
Dried pulp 5.0 6.63 0 0.041 22x ]
Juice 0.014 0.7x
Ol ND <0.2x

The rate is expressed both in terms of the concemiration in the irrigation water {ppm) and the total amount {|b ae/A) applied.

* Expressed in acid equivalents, The LOQ is 0.05 ppm and the LOD estimated to be 0.0023 ppm. Values <1.0Q but >LOD are
listed in parentheses.

3 Values <LOQ but zL.OD were used for calculating processing factors

DP# 356315/MRID No. 47520708 Page 8 of 9
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D. CONCLUSION

The orange processing study is adequate. Endothall residues were reduced in both citrus juice
(0.7x) and oil (<0.2x), but concentrated in dried pulp (2.2%).

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); Willtam Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
PC Codes: 038901 and 038903

Template Version June 2005
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Primary Evaluator ’@ M7 / A % Date; 5 June 2009

David Soderberg, Chemist, RABV, ME

Approved by f,k_, Lﬁ&;ﬂw ()Q;  J e Date: 5 June 2009
William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520709. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit,
Pome Group: Lab Project Number: 29767, 29767.07-CEROS Unpublished study prepared by
Interregional Research Project No. 4. 255 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted an apple processing study reflecting the
exposure of apple trees to endothall through the use of treated irrigation water. In a field trial
conducted in NY (Zone 1) during 2006, a 2.0 b ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In
order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to the apple trees as six broadcast foliar applications during
fruit development at 7-day retreatment intervals (RTIs). A volume equivalent to I acre inch of
water (~27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rate for endothall was equivalent to
1.13 1b ae/A/application, for a total of 6.79 1b ae/A/season.

Single bulk control and treated samples of apples were harvested at normal crop maturity,
immediately following the last irrigation (0 days after treatment, DAT). The fruit was processed
into juice and wet pomace using simulated commercial procedures. Samples of whole fruit, juice
and wet pomace were stored at <-18°C for up to 286 days prior to analysis. The sample storage
intervals and conditions are supported by the available storage stability data.

Residues of endothall (free acid) in/on apple fruit, juice and wet pomace were determined using
an adequate LC/MS/MS method (Method No. KP-242R1). Residues were extracted with water
and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H;PQ4. The derivatized
residues from each matrix were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction {SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. The validated limit of quantitation

DP# 356315/MRID No. 47520705 Page ] of &
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(LOQ) for endothall is 0.05 ppm in each apple matrix, and the estimate limit of detection (1.OD)
was (.0025 ppm.

Residues of endothall averaged 0.033 ppm in/on whole fruit (<1.LOQ) and were 0.041 ppm in
juice and 0.091 ppm in wet pomace. The calculated processing factors were 1.2x for juice and

2.8x for wet pomace.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the apple processing study is classified as
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo]2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw {40 CFR §180.293(a)(1}].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a apple processing study reflecting irrigation of apple trees with endothall-
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine
salt are listed in Table A.1. The physicochemical properties of technical grade endothall and its
monoalkylamine salt are listed in Table A.2.

DP# 356315/MRID No. 475207069 Page 2 of 9
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Sait,

Chemical Structure 0

OH

OH

O
Common aame Eadothall
Molecular Formula CiH 005
Molecular Weight 186.16
1UPAC name 7-oxabicyclo]2.2.1]heptane-2,3-dicarboxylic acid
CAS name T-oxabicyclo[2.2. 1]heptane-2,3-dicarboxylic acid
CAS ¥ 145-73-3
PC Code 038901
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed
Chemical Structure 0
- H,C
0 TN,
N—CH, (n)CH
OH / AMCH,
H,C
O (n=7-17}

Common namc Endothall, mono-N,N-dimethylalky! amine sait
Molecular Formula Not available

Molecular Weight

Average; 422

1UPAC name 7-pxabicyclof2.2.1Theptane-2,3 -dicarboxylic acid, compound with N, N-
dimethylcocoamine

CAS name Mot available

CAS# 66330-38-9

PC Code 038903

Current Food/Feed Site Regisiration

Cotion, hops, potato, alfalfz grown for seed, aguatic uses

DP# 356315/MRID No. 47520709
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt,

Parameter [value | Reference

Endothall (acid)

Melting point 108-110%C D187593, D187590, and D 187588,
5/5193, K. Dockter

pH 2.7 at 25T (1% selution) D187593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 glemy® (bulk} at 25

D187593, DI187590, and D187588,
5/5193, K. Dockter

Water solubility at 25T

109.8 gL,
13.1 g/100 mL in water, pH 5

12.77 /100 mL in water, pH 7
12.5 /100 mL in water, pH

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

Solvent solubility at 25°C

3.4 /100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 ¢/100 mL in tetrahydrofuran

D207011, 9/30s94, F. Toghrol

Vapor pressure

3.92 x 107 mm Hg a124.3C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4.32 for Step 1 and 6,22 for Step 2 2t 207C (0.2%

solution in 20% basic ethanol); dissociation rate

[.8-2.3 x 10° zmho within 3-5 minutes at 3257,

by conductivity meter

D188708, 5/3/93, K. Dockter

Ocianol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethylalkyl aminc sait

Boiling point

Not available

pH

5.2 at 257 (1% solution)

D187593, D187590, and D187588,
$/5/93, K. Dockter

Density, bulk density, or specific
pravity

1,028 g/ml at 25°C

D187593, D1§7590, and D 187588,
5/5/93, K. Dockter

Water solubility a2 25

>49.2 g/100mL in water, pH 5
251.6 g/100 mL in water, pH 7
>49.8 g/100 mL in water, pH 9

D32[0814, 8/9/95, S. Knizner

Solvent solubiljty at 25

21025 g/100mL in acetonitrile
>95.4 g/100 mL in n-octanol
>104,3 g/100 mL in tetrahydrefuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 x 107* mm Hg at 25C (caleulated; mixed
mono- and dialkylamine (C8-C20))

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step | and 6.07 for Step 2 at 20T for
rixed mono- and dialkylamine (C8-C20) in
acidified ethanolywater; dissociation complcte
017 minutes (1.7 x 10* umho) at 25

D198885, 4/7/94, F, Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x [0~ M and
8.9%10° M, 125

D209995, 1/20/95, L. Edwards

UV visible absorption spectrum

Not available

B, EXPERIMENTAL DESIGN

B.1,

Application and Crop Information

In a field trial conducted in NY during 2006, apple trees were irrigated with endothall-treated
water using overhead sprinklers (Table B.1.1). The irrigation water was treated with endothall
(2.0 1b ae/gal SC/L monoaltkylamine salt) at a concentration of ~5 ppm, acid equivalent. The
trees were irrigated six times during fruit development at RTIs of 7 days. A volume equivalent
to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the
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concentration of the endothall and the amount of water applied, application rate for endothall
was equivalent to 1.13 1b ae/A/application, for a total of 6.79 1b ae/A/season.

TABLE B.1.1. Study Use Pattern.

Location R Application Information
{City, State; Year) nd-Use Ta; 7

et : Product Method; Timing Concen. Vo]ume2 Single Rate | RTI Total Rate
Trial ID : {ppm)' | (gal/A)? [ (b ae/A)’® | (days) | (Ibae/A)?
North Rose, NY Six broadcast foliar
2006 2.0 Ib aefgal | application during fruit
NY$29 SC/ development using 5.0l 27,089 L.13 7 6.79

overhead sprinklers.

" The concentrate of cndothall (in acid equivalents) in the irrigation water. No adjuvants were included in the jrrigation water,

2 ‘The target irrigation rate was { acre inch of water or 27,154 pal/A.
* The cquivalent field use rates were calculated by the reviewer based on the concentration of the endothall (a¢), the application

volume and plot size.

* RTI = Retreatment Interval,

B.2. Sample Handling and Processing Procedures

Single bulk control and treated samples (53-63 lbs/sample) of apple fruit were harvested at 0
DAT. The samples were shipped fresh on the day of harvest to the processing facility, ACDS
Research, Inc. (North Rose, NY), where samples were stored in a cooler until processing. The
fruit samples were processed on the day of harvest into juice and wet pomace using simulated
commercial procedures (Figure B.1). After processing, the whole fruit, juice, and wet pomace
samples were immediately stored at <-15°C. The samples were shipped 23 days later by freezer
truck to the analytical laboratory, Cerexagi, Inc. (King of Prussia, PA), where the samples were
processed and stored at -18°C until analysis.
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Figure B.1, Processing Flowchart for Apple Fruits.

A C DS Research, Inc

FLOW CHART
Typical Small Batch Apple Processing Simulating Commeicial Processing

Whole Fruit, Juice, Wet Pomace and Dry Pomace Fractions

WHOLE
42 lbs 51 5 1bs FRUIT
one bushel SAMPLE
5. 10% Loss 37 1bs * .
GRINDING QOperation
32-351bs | Mash
)
3 - 8% Loss | PRESSING Operation
30- 40 lbs
T
20- 24 lbs— JUICE
60-65% Juice 1/2 gal SAMPLE
ca 4 51bs
25-30% Wet 8-111bs s |21bs Wet POMACE
POMACE SAMPLE
6-9 Ibs Wet Pomace For Drying
DRYING Operation |-—+ | 1-3 Ibs | DRY POMACE
SAMPLE

(less than 10% moisture)

Dry Pomace is 20-25%
by weight of wet pomace

DP# 356315/MRID No. 47520709 Page 6 of 9 }‘_515
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B.3. Analytical Methodology

Residues of the free acid of endothall in/on apples and its processed fractions were determined
using a LC/MS/MS method (Method No. KP-242R1) entitled “Analytical Method for
Determination of Endothall in Crops”, issued 5/4/2007.

For this method, residues in fruit and wet pomace were extracted twice by homogenization with
water followed by centrifugation and filtering. The juice sample was just diluted with water.
Residues were then derivatized with HFTH in 50% H;PQO, at 100-120°C for 90 minutes. After
cooling, the derivatized residues were partitioned into MTBE, evaporated to dryness, and
reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned using an amine SPE
cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by LC/MS/MS using
external standards. The m/z 397— 166 ion transition was used for quantifying residues, and
residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05 ppm, and the
estimated LOD was 0.0025 ppm.

For method validation, control samples of apple fruit were fortified with endothall at 0.05-5.0
ppm. For concurrent recoveries, control sample were fortified with endothall at 0.05-1.0 ppm for
whole fruit and each processed fraction,

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on apples and its
processed fractions was adequately validated prior to and in conjunction with the analysis of
processing study samples (Table C.1). Method validation recoveries averaged (SD) 88 + 10%
from whole fruit. Concurrent recoveries averaged 87% for whole fruit, 92% for juice, and 99%
for wet pomace. Apparent residues of endothall were <L.OQ in/on control samples of each
matrix. Adequate sample calculations and example chromatograms were provided and the
fortification levels used for method recovenes were similar in magnitude to the measured residue

levels.

Apples were stored at -18°C for up to 230 days prior to analysis, and the processed fractions
were stored at -18°C for up to 286 days prior to analysis (Table C.2). Adequate storage stability
data are available indicating that endothall is stable in frozen tomatoes for up to 467 days
(47520719.der, under review). These stability data will support the storage durations and
conditions for the processing study.

Residues of endothall averaged 0.033 ppm infon whole fruit (<LOQ) and were 0.04] ppm in
juice and 0.091 ppm in wet pomace (Table C.3). The calculated processing factors were 1.2x for
juice and 2.8x for wet pomace.

DP# 3563 15/MRID No. 47520709 Page 7 of &
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TABLE C.1.

Summary of Method Validation and Concurrent Recoveries of Endothall from Apple and
its Processed Fractions.
Matrix Spike Level Sample Size Recovcries Mean + Std. Dev. !
(ppm) (m (%) (%)
Method Validation
0.05 3 91,93,93 9741
0.5 3 76, 75,74 75+ 1
Apple
5.0 3 92, 104, 94 97+ 45
Total 9 74-104 8810
Concurrent Recoveries
0.05 2 75, 102 89
-+
Apple, fruit 03 1 77 77
1.0 1 95 93
Total 4 75-102 87+ 13
. 1 7
Apple, juice 0.03 52
1.0 1 96
0.05 ] 102
Applc, wet pomace g9
PP L0 1 95
Standard deviations are caleulated for data sets having =3 values,
TABLE C.2. Summary of Storage Conditions for Apple Matrices,
Matrix Storage Temperature Actual Storage Duration Interval of Demop _strated
oy (days) Storage Sta_)blllty
{days)”
Whole fruit 230
Juice <18 231 467
Wel pomace 286
Interval from harvest to extraction for analysis, Extracts were stored 1-6 days prior to analysis.
! Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review).
TABLE C.3. Residue Pata from Apple Processing Study with Endothall,
RAC . 1 PHI . 3 Processing
T
Processed Commodity otal Rate (days) Residues {ppm) Factor
Apple . (0.031, 0.047, 0.022) -
Whole fruit roots (RAC) 5 ppm . ave. 0.033
Juice (6-79 b ae/A) (0‘041) 1.2%
Wet pomace 0.091 2.8x

The rate is expressed both in terms of the concentration in the jrrigation water {ppm) and the total amount (Ib ae/A) applied.
2 Expressed in acid equivalents. The £LOQ is 0.05 ppm and the LOTD} estimated to be 0.0025 ppm. Values <LOQ but 20D are

listed in parentheses.
¥ Yalpes <LOQ but >LOD were used for calculating processing factors

D. CONCLUSION

The apple processing study is adequate. Endothall residues concentrated slightly (1.2x) in juice
and by 2.8x in wet pomace.

DP# 356315/MRID Ne. 47520709 Page 8 of 9
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William Donovan, Senior Scientist, RABV,

HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713, submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORTY:

47520710. Arsenovic, M. (2008) Endothall (Hydrothol 191 and Aquathol K): Magnitude of the
Residue on Fruit Stone Group: Lab Project Number: Z9769, 729769.07-A1.504, Unpublished
study prepared by Interregional Research Project No. 4. 188 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (1R-4) submitted field trial data reflecting the exposure of
peaches to endothall through the use of treated irrigalion water. Two peach field trials were
conducted in Zones 2 and 10 during 2007. In each trial, side-by-side tests were conducted using
irrigation water treated with either the monoalkylamine salt of endothall (2 1b ae/gal SC/L)at a
concentration of 5 ppm ae, or the dipotassium salt of endothall (3.0 1b ae/gal SC/L) ata
concentration of 3.5 ppm ae. [In order to avoid the complications of different molecular weights
for different salts, endothall concentrations are expressed as the free acid equivalents (ae).} The
treated water was applied in each test during fruit development as six broadcast foliar
applications using overhead sprinklers, at retreatment intervals (RTIs) of 6-8 days. A volume
equivalent to ~1 acre inch of water (~27,154 gal/A) was applied for each application. Based on
the endothall concentration and the amount of water applied, the application rate for the
monoalkylamine salt of endothall was equivalent to 1.13-1.25 1b ae/A/application, for a tota] of
6.78-7.08 1b ae/A/season. The application rate for the dipotassium salt was equivalent to 0.79-
0.91 1b ae/A/application, for a total of 4.82-5.05 1b ae/A/season.

Single control and duplicate treated samples of peaches were harvested from each test on the day
of the final application (0 days after treatment, DAT), and samples were stored at <-10°C for up
to 154 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on peaches were determined using an adequate L.C/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H;PQ,. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by elution through an
amine solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using

DP# 356315/MRID Ne, 47520710 Page lof 10
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external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (1.OQ) for endothall infon peaches is 0.05 ppm, and the estimated
limit of detection (LOD} is 0.0025 ppm.

Endothall residues were <0.05-0.160 ppm in/on 4 peach samples harvested at 0 DAT following
irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and were <0.05-
0.136 ppm in/on 4 peach samples harvested at 0 DAT following six irrigation applications of the
dipotassium salt of endothall at 3.5 ppm. Average endothall residues infon peaches were 0.101
and 0.08% ppm for the monoalkylamine and dipotassium salt formulations, respectively. The
highest average field trial (HAFT) residues were 0.152 and 0.127 ppm for the monoalkylamine
and dipotassium salt formulations, respectively.

Although average endothall residues were lower (0.8x) for the dipotassium salt than the
monoalkylamine salt, direct comparison of the two formulations is not appropriate because the
two formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm
acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x
the rate of the monoalkylamine salt. Although the dipotassium salt of endothall was applied
according to label directions, using a concentration of 5 ppm ai for the irrigation water, this
application rate did not take into account the acid equivalency of the dipotassium salt.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the peach field trial residue data for the
monoalkylamine salt formulation are scientifically acceptable. Although limited field trials were
performed, these applications are expected to be conservative relative to actual inadvertent
applications. However, the field trial data for the dipotassium salt are not appropriate for direct
comparison with the monoalkylamine salt because the dipotassium was applied at 0.7x the rate
of the monoalkylamine salt. The acceptability of this study for regulatory purposes is addressed
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo]2,2,1] heptane-2,3-dicarboxylic acid} is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.

DP# 3563 15/MRID No. 47520710 Page 2 of 10 é(f? ©
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Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm infon cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of peaches with endothall-treated water.
The chemical structure and nomenclature of endothall and its salts are listed in Table A.1. The
physicochemical properties of technical grade endothall and its salts are listed in Table A.2.

Table A.1. Structure and Nomenclature of Endothall and its Salis.
Chemical Structure 0O
OH
CH
O
Common name Endothall
Molecular Formula Cel 1005
Molecular Weight 186.16
[UPAC pname T-oxabicyclo]2.2.  theptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo]2.2. [3heptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Registration _{ Cotton, hops, potato, alfalfa grown for seed
Chemical Structure O
o
o
O
Common name Endothall, dipotassium salt
Molecular Formula CeH KOs
Molccular Weight 262,33
JUPAC name Not available
CAS name Not available
CAS # 2164-07-0
PC Code 038904
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed, aguatic yses

DP# 356315/MRID Ne. 47520710
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Table A.1. Structure and Nomenclature of Endothal} and its Salts.

Chemical Structure

O
o HSC\ .
N-— CH. (n)CH
ol / H,(n)CH,
H,C
O (n="7-17}

Common name

Endothall, mono-N,N-dimethylalkyl amine sah

Molecular Formula

Not available

Molecular Weight Average, 422

TUPAC name 7-oxabicyclof2.2. 1]heptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS name Not available

CAS # 66330-88-9

PC Code 038905

Current Food/Feed Site Registration

Cotton, hops, potato, alfalfa grown for seed, aguatic uses

Table A.2, Physicochemical Properties of Endothall and Saits.

Parameter { Value | Reference

Endothall (acid)

Melting point 108-110%C D187593, D187590, and D187388,
5/5/93, K. Dockter

pH 2.7 at 25°C (1% solution) D187593, D1875%0, and D137588,

5/5/93, K. Dockier

Density, bulk density, or specific
pravity

0.481 gfem® (bulk) at 25T

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solublility at 25T

109.8 g/l
13.1 g/100 mL in water, pH 5

12.7 g/100 mi. in water, pH 7
12.5 g/100 oL in water, pH §

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

Solvent solubility at 25T

3.4 ¢/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 /100 mL in tetrahydrofuran

D207011, $/30/94, F. Toghrol

Vapor pressure

3.82x 10°° mm He at24.3C

D166798, 7/2/92, K. Dockter

Dissociation canstant, pK,

4.32 for Stcp 1 and 6.22 for Step 2 a1 207 (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° pmko within 3-5 minutes at 125,
by conductivity meter

Dt8R708, 5/3/93, K. Dackter

Qctanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockler

UV visible absorption spectrum

Not available

Endothall, dipotassium salt

Melting point

>3607T

D187593, D1875%0, and D 187588,
5/5/93, K. Dockter

pH

9.1 at 257 (1% solution)

D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.766 g/em’ (bulk) at 25C

D187593, D187390, and D187588,
5/5/93, K. Dockter

Water solubility

>65 g/100 ml, in water, pH 5, pH 7, and pH 9

D214691, 6/7/95, D, Hrdy

Solvent solubility

<0.001 g/100 mL in acetonitrile, n-octanol, and
terrahydrofuran

D214691, 6/7/95, D. Hrdy

Vapor pressure

Not applicable. An organic acid K salt is
anticipated to have an insignificant vapor pressure,

D1780835, 6/18/92, S. Funk

DFP# 3563 13/MRID Ne. 47320710
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Table A.2. Physicochemical Properties of Endothall and Salts.

Parameter Vahe Reference

Dissociation conslant, pX, 4,16 for Step 1 and 6.14 for Siep 2 at 20T in 304027, 6/10/2004, D. Soderberg
water; dissociation complete at 5 mins (13.6 x 10°
pmhoy

Qclanol/water partition coefficient | Kgy <0.02 and <0.3 at concentrations of 9 x 107  1D210814, 8/9/95, S, Knizner
Mand 9 x 107 M, respectively, at 257

1JV/visible absorpiion spectrum No available

Endothall, mono-N,N-dimethylalkyl amine sal{

Boiling pain Mot available

pH 5.2 at 25T (1% solwion) D187553, D187550, and DI87588,
5/5/93, K. Dockier

Density, bulk density, or specific  [1.028 g/mL at 25 13187593, D187590, and D187588,

gravity 3/5/93, K. Dockter

Water solubility a1 25T »49.2 2/100mL in water, pH 5 D210814, 8/9/95, S. Knizner

>51.6 g/tO0 mL in water, pH 7
2498 /100 ml. in water, pH 9
Solven) solubility at 25T >102.5 g/100mL in acetonitrile 0210814, 8/9/95, S. Knizner
=95.4 g/160 mL in n-octanol

>104.3 /100 mL in jeirahydrofuran

Vapor pressure 2.09 x 10° mm Hg at 257 (caleulated; mixed D206344, 9/22/94, F. Toghrol
mono- and dialkylamine (C8-C20%)
Dissocialion constant, pK, 4.24 for Step 1 and 6.07 for Siep 2 at 20°C for DD198885, 4/7/94, F. Toghrol

mixed mono- and dialk ylamine (C8-C20) in
acidificd ethanolfwater; dissociation complele
117 minutes (1.7 x 10° umho) a1 25C
Octanolwater partition coefficient | Koy 2-097 at concentrations of 8.9 x 10° Mand  {D209995, 1/20/95, L. Edwards
89x107M,at 25T
UV/visible absorplion specrum Nol available

B. EXPERIMENTAL DESIGN
B.1. Study Site Informatien

Two peach field trials were conducted in Zones 2 and 10 during the 2007 growing season (Table
B.1.1). At each site, side-by-side tests were conducted using irrigation water treated with either
the monoalkylamine salt of endothall (2.0 b ac/gal SC/L) al a concentration of 5 ppm, acid
equivalent, or the dipotassium salt of endothall (3.0 1b ae/gal SC/L) at a concentration of 3.5
ppm, acid equivalent. HED notes that although the dipotassium salt was applied ata
concentration of ~5 ppm ai, this rate is equivalent to a concentration of 3.5 ppm, acid equivalent.
The treated water was applied in each test during fruit development and maturation as six
broadcast foliar applications using overhead sprinklers, at RT1s of 7-8 days. A volume
equivalent to ~1 acre inch of water (~27,154 gal/A) was applied for each application. Based on
the concentration of the endothall and the amount of water applied, the application rates for the
monoalkylamine salt of endothall were equivalent to 1.13-1.25 1b ae/A/application, for a total of
6.78-7.08 |b ae/A/season (Table B.1.3). The application rates for the dipotassium salt were
equivalent to 0.79-0.91 Ib ac/A/application, for a total of 4.82-5.05 1b ac/A/season. These
applications are expected to be conservative relative to actual applications.

DP# 356315/MRID No. 47520710 Page 5 of 10
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TABLE B.1.1, Trial Site Conditions.

. i . I
Trial 1dentification (City, State; Year) Soil characteristics
Type ¥%0M pH CEC (meg/100g)
Morven, GA 2007
GA$01 Loamy Sang 0.75 5.3 3.0
Dinuba, CA 2007
CAS02 Loamy Sand 4.1 7.0 8.7

These parameters are optional except in cases where their value affects the use pattern for the chemical.

TABLE B.1.2, Water Characterization.

. Water characteristics
Study site - :
Type Hardness/Salinity pH Turbidity | Dissolved OM
Morven, GA 2007
GASO] Well NR NR NR NR
Dinuba, CA 2007 ’
CASO2 Well NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table
B.1.2).

TABLE B.1.3, Study Use Pattern.
%g;;tig?ate‘ Year End-Usel Applicati(:nlfnformalist?n T —
. ! Product i 2 olume ingle Rate o ate
Trial 1D Method; Timing Concv.:n. (gal/A)? (b ae/A) (days) (b ae/A)
Morven, GA 2007 Six overhead sprinkler
GASOl 20 Io/gal | o1 olications during fruit 499501 | 2122 1.13-1.25 7 7.08
sC . 25,939
development and maturation
Six overhead sprinkler
3‘05"2:”5” applications during fruit 35 %%Lls” 0.79-0.91 7 5.05
development and maturation i
Dinuba, CA 2007 Six overhead sprinkler
CAS02 2.0 gal | s lications during fruit 5.0 27,172 113 6-8 6.78
SC . 27,271
devclopment and maturation
Six overhead sprinkler
3.0 Ib/gal applications during fruit 35 27,172 0.80 6-8 4,82
sC . 27,271
development and maturation

" The two formulations used are expressed in Ib acid equivalent/gal, The monoalkylamine salt is 2 2.0 1b ae/gal SC/L and the
dipotassium salt is 2 3.0 1b ae/gal SC/L, When applied according to the label directions, the maximum concentration for
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium salt.

2 The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the imigation water.

* The target imigation rale was I acre inch of water or 27,154 gal/A.

* The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application
volume and plot size,

 RTI= Retreatment Interval.
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TABLE B.1.4. Trial Numbers and Geographical Locations.

NAFTA Peaches

Growing , Regucsted'

Zones® Submitted Canada u.s,
1 - -- i

2 1 - 4

3 -- - -
4 - -- i

5 - - i

6 -- - i

7 -- - -
8 - - .
g . . -
10 1 - 4
i1 - - -
12 w -- --
13 - - --
Total 2 o 12192

Based on EPA OPPTS Guidsline 860.1500.
* The number in brackets indicates a 25% reduction required to support a crop group tolerance.
* Zones 1A, 3 A and B, 7A and 14-21 were not included as 1he proposed use is for the U.S, only.

B.2. Sample Handling and Preparation

Duplicate control and treated samples (>4.2 1b/sample, 24 fruits) of peaches were harvested at 0
DAT (after the sixth application) and placed in frozen storage at the test facilities within 3.5
hours. Samples were stored frozen at the field sites for 31-42 days prior to shipment by ACDS
Freezer truck to the analytical laboratory, ALS Laboratory Group (Edmonton, AB, Canada)
where they were stored at <-10°C until analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on peaches were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops™,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTRE,
evaporated to dryness, and reconstituted in hexane:MTRE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS
using external standards. The m/z 397—166 ion transition was used for quantifying residues.
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on
peaches is 0.05 ppm, and the estimated LOD was 0.0025 ppm.
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of peaches were fortified with endothall at 0.05-5.0 ppm for method
validation and at 0.05 ppm for concurrent recoveries,

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on peaches was
adequately validated prior to and in conjunction with the analysis of field trial samples. Method
validation recovery averaged 104% with a standard deviation of 12%, and concurrent recoveries
averaged 73% (Table C.1). Apparent residues of endothall were non-detectable in/on control
samples. Adequate sample calculations and example chromatograms were provided and the
fortification levels used for method recoveries were similar in magnitude to the measured residue
levels.

Peach samples were stored frozen at <-10°C for up to 154 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes
(acidic fruit) for up to 467 days (47520719.der, under review). These data will support the
storage durations and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing the
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.78-7.08 1b ae/A/season),
endothall residues were <0.05-0.160 ppm in/on 4 samples of peaches harvested at 0 DAT (Table
C.3). Average endothall residues were 0.101 ppm, and the HAFT restdues were 0.152 ppm

(Table C.4).

Following six overhead sprinkler applications with irrigation water containing the dipotassium
salt of endothall at 3.5 ppm, acid equivalents (4.82-5.05 Ib ae/A/season), endothall residues were
<0.05-0.0.136 ppm infon 4 samples of peaches harvested at 0 DAT. Average endothall residues
were 0,089 ppm, and the HAFT residues were 0.127 ppm. No residue decline data was
provided.

Although average endothall residues were lower (0.9x) for the dipotassium salt than the
monoalkylamine salt, direct comparison of the two formulations is not possible as the two
formulations were applied at different rates. As requested by HED, the monoalkylamine salt was
applied at 5 ppm acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm
acid equivalent, 0.7x the rate of the monoalkylamine salt, Although the dipotassium salt of
endothall was applied according to label directions, using a concentration of 5 ppm ai for the
irrigation water, this application rate did not take into account the acid equivalency of the

dipotassium salt,

Phytotoxicity was reported on the treated peach trees. Common cultural practices were used to
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this
study did not have a notable impact on the residue data.
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TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Peaches.
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev, '
{ppm) ) (%h) (%)
Method Validation
0.05 3 91, 109, 87 96+ 12
Fruit 0.5 3 98, 116, 121 112+ 12
5.0 3 97,116, 106 106 = 10
Total 9 87-121 104+ 12
Concurrent Recoverigs
Fruit { 0.08 2 1 73

Standard deviations were calculated only for datasets having >3 values.

TABLE C.2.  Summary of Storage Conditions,

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
) (days)’ Storage Stability (days)?

Peaches =10 154 467

Interval from harvesi to extraction for analysis. Extracts were stored up to 4 days prior to analysis,
* Endothall is stable in frozen tomatoes for up to 467 days (47520715 der under review),

TABLE C.3. Residue Data from Peach Field Trials with Endothall Salts (SC/L).

Trial 1D . . Total Rate PUI . 2.3
(City, State; Year) Zone Variety Matrix - Y (days) Residues (ppm)
Morven, GA 2007 | White Fruit 50 7.08 0 (0.045) (0.043)
Gasol 3.5 5.05 0 (0.043) (0.046)
Dinuba, CA 2007 10 Snow Princess Eruit 5.0 6.78 0 0.144 0.160
CAs02 3.8 4.8 0 0.118 0.136

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (I ae/A) applied,

The application concentrations were 5 ppm ae for the monoatkylamine salt and 3.5 ppm ze for the dipotassium salt.

* Expressed in endothall acid equivalents. The LOQ is 0.05 ppm, and the estimated LOD is 0.0025 ppm. Residue <LOQ, but
=L OD are listed in parentheses,

® The two results for each field trial represent two samples taken from a single plot, not two plots.

TABLE CA4. Summary of Residue Data from Peach Field Trials with Endothall Salts (SC/L).
H 2
Commodity| End-Use | Total Applic. | PHI Residue Levels (;"'2? v -
Product Rate ! (days) : 3 calan can td.
nof Mino ] Max s HAFTT | opyriry | (STMR) | Dew.
Monoalkyla $ npm
Fruit minesalt | o e 08) 0 21 0044 | 0152 | 0152 [ 0098 [ 0.098 | 0.076
(SC/L) e
Dipotassium | 3.5 ppm ' ' .
Fruit salt (SCIL} |- (4.82-5.05) |- 0 {2 0, 045 C 0127 0127 { © 086 0.086 0.058
The concentrations are expressed in acid equwalcnts and the values in parenthcses are the total apphcat ion rate in terms of

b ae/A,
* Residues are expressed in terms of the free acid. The LOG is 0.05 ppm. The LOQ was used for all values reported SLOQ.

3 HAFT = Highest Average Field Trial,
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D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of peaches. The data support the use of the monoalkylamine salt of endothall in
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium salt of endothall in
irrigation water at a concentration of 3.5 ppm ae. No more that six applications of treated water
should be made per season with a mintmum 7-day interval between applications to the water.
Residues on peaches are determined at a O-day PHIL

E. REFERENCES
None
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RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419
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Primary Evaluator ﬂ,; /4/ / Date: 5 june 2009
David Soderberg, Chemist, RABV, HED

Approved by (/\) Aﬂl&:«. /)H &)W Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520711. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Berry
Group: Lab Project Number: 29770, Unpublished study prepared by Interregional Research
Project No. 4. 180 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
blueberries and blackberries to endothall through the use of treated irrigation water. Ina
blueberry and blackberry field trial conducted during 2007 in Zones 5 and 11, respectively, a 2.0
1b ae/gal soluble concentrate (SC/L) formulation of endothall (monoalkylamine salt) was used to
treat the irrigation water at a rate of 5 ppm. [In order to avoid the complications of different
molecular weights for different salts, endothall concentrations are expressed as the free acid
equivalents (ae).] The treated water was applied to the berry crops during frmit development and
maturation as six broadcast foliar applications using overhead sprinklers, at retreatment intervals
(RTIs) of 6-8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for
each application. Based on the concentration of the endothall and the amount of water applied,
the application rates for endothall were equivalent to 1.12-1.13 Ib ae/A/application, for a total of
6.73-6.77 lb ae/A/season.

Single control and duplicate treated samples of blueberries and blackberries were harvested from
the respective tests on the day of the final application (0 days after treatment, DAT), and samples
were stored at <-18°C for up to 98 days prior to analysis. Adequate storage stability data are
available to support the duration and conditions of sample storage.

Residues of endothall (free acid) in/on berry samples were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3;PQ4. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTRE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall

DP# 356315/MRID No. 47520711 Page 1 of 9 l 'bal
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acid equivalents. The validated limit of quantitation (L.OQ) for endothall in/on berries is 0.05
ppm.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.73-6.77 1b ae/A/season), endothall residues at 0 DAT were 0.158 and 0.197 ppm infon 2
samples of blueberry and 0.311 and 0.346 ppm in/on 2 samples of blackberry. The average
residues were 0.177 and 0.328ppm for blueberries and blackberries, respectively. No residue
decline data was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the berry field trial residue data are
classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent appltcations. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo{2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm infon cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw {40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of black berries and blueberries with
endothall-treated water. The chemical structure and nomenclature of endothall and its
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade
endothall and its monoalkylamine salt are listed in Table A.2.

PP# 356315/MRID No, 47520711 Page 2 of 9 -
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Salt.

Chemical Structure 0
OH
CH
0
Common hame Endothall
Molecular Formula CeH 1005
Molecular Weight 186.16
IUPAC name 7-oxabicyclo[2.2.13heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2. 1 heptane-2, 3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Cusrent Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
| Regi stration
Chemical Structure O
- HC
© N CHm)CH
—=CH.{n
OH / AWCH,
H,C
O n=7-17)

Common name

Endothall, mono-N,N-dimethylalky] amine salt

Molecular Formula

Not available

Molecular Weight

Average: 422

1UPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available

CAS# 66330-88-9

PC Code 038905

Current Food/Feed Site
Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Tablc A.2. Physicochemical Propertics of Endothall and lts Monocalkylamine Salt.

Parameter [ Value [ Reference

Endothall (acid)

Melting point 108-116C D187593, D187590, and D187588,
5/5/93, K. Dockter

pH 2.7 at 25C (1% solution) DI87593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

D187593, D187590, and D187588,
5/5/93, K. Dockter

0.481 gfom’ (bulk) at 25T

Water solubility at 25C

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

109.8 g/L

13.1 g/100 mL in watcr, pH §
12.7 /100 mL in water, pH 7
12.5 g/100 mL in water, pH 3

Solvent solubility 21 25

3.4 p/100 mL in acetonitrile D207011, 9/30/94, F, Toghrol
2.4 g/160 mL in n-octanol

16.0 p/100 ml in tetrahydrofuran

Vapor pressure

D166798, 7/2/92, K. Dockter

3.92 x 10° mm Hg at 24.3¢

DP# 3563 15/MRID No. 47520711
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Table A.2. Physicochemical Properti¢s of Endethall and Its Monoalkylamine Salt.

Parameter

Value

Reference

Dissociation constant, pK,

4.32 for Step 1 and 6,22 for Step 2 a1 20 (0.2%
solution in 20% basic elhanol); dissociation rate
1.8-2.3 x 16" umho within 3-5 minutes at 0325,
by conductivity meter

E}188708, 5/3/93, K. Dockter

OQctanol/water partilion coefficient

Nol applicable to endothall acid

D166798, 7/2/92, X, Dockter

UV /visible absorption spectrum

Nol available

Endothall, mono-N,N-dimethyl

alkyl amine salt

Boiling point

Not available

pH

5.2 21257 (1% solution)

D187593, D187590, and D187588,
5/5/93, K. Doackter

Density, bulk density, or specific
gravily

1.028 g/mL 2t 25C

D187593, D187590, and D187588,
315093, K. Dockter

Water solubility at 25%C

2492 g/100mL in water, pH 5
25346 g71080 mL in water, pH 7
z49.8 ¢/100 mL in water, pH 9

D210814, 8/9/93, S. Knizner

Solvent solubility at 25C

2102.5 g/100mL in acetonitrile
»95.4 g/100 mL in n-octanol
>104.3 g/100 mL in jetrahydrofuran

D2 t0R14, 8/9/95, S. Knizner

‘Vapor prcssure

2.09 x 10~ mm Hg at 25C (calculated; mixed
mono- and dialkylamine (C8-C20))

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 a1 20C for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
(117 minutes (1.7 x 10° gmnho) at 23

D198885, 4/7/94, F. Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10~ M and
8.9x 10%M, at25C

D2099935, 1/20/95, L. Edwards

UV /visible absorption Spectrum

Not available

B. EXPERIMENTAL

B.1.

DESIGN

Study Site Information

Two field trials were conducted on blueberries and blackberries in Zones S and 11, respectively,
during 2007 (Table B.1.1). The frrigation water used in each test was treated with endothall (2.0
1b ae/gal SC monoalkylamine salt} at a concentration of ~5 ppm, acid equivalent. The treated
water was applied to each crop during fruit development and maturation as six broadcast foliar

applications using overhead sprinklers, at RTIs of 6-8 days. A volume equivalent to ~1 acre inch

of water (~27,000 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, application rates for endothall were equivalent to
1.12-1.13 Ib ae/A/application, for a total of 6.73-6.77 1b ae/A/season (Table B.1.3). These
applications are expected 1o be conservative relative to actual applications. '

TABLE B.1,1, Trial Site Conditions.

- 7
Trial 1dentification {City, State; Year) Soil characteristics

Type %OM pH CEC (meq/100g)

Conklin, Ml 2007
MI$32 Loam 2.1 4.5 12.8
Hillshoro, OR 2007 .
ORS41 Silt Loam 2.9 6.0 t2.8

These parameters are optional excepl in cases where their value affects the use pattern for the chemical.

PP# 356315/MRID No. 47526711
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TABLE B.1.2. Water Characterization,
; .

Study site Water characteristics

Type Hardncss/Salinity pH Turbidity Dissolved OM
Conklin, MI 2067 \
MIS32 Welt NR NR NR NR
Hillsboro, CR 2007 ,
OR$4! Well NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).
TABLE B.1.3. Study Use Pattern.
Location Application Information
(Clty, State; i Vol Single Rate | RTI® | Total Ra
Year Product d: Timi 1 olume Ingle Rate ota te
A Method; Timing Concen.© | o WAY? | (baerA)’ | (days) | (b ac/A)
Blueberry
Conklin, M1 2007 Six broadcast foliar ‘ _
MIE32 2.0Ib/gal | application during fruit 27,154~
sSC development using 4.98-3.00 27,160 113 78 677
overhead sprinklers,
Blackberry
Hillsboro, OR Six broadcast foliar [
2007 2.0b/gal | application during fruit
ORS41 SC development using 4.99-5.00 27,086 P12 6-7 673
overhead sprinklers.

The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
* The target irrigation rate was | acre inch of water or 27,154 gal/A,
? The equivalent field use rates were catculated by the reviewer based on the concentration of the endothall (ae), the application
volume and plot size.
* RTI1=Retreatment Interval.

DP# 33563 5/MRID No, 47520711
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TABLE B.1.4. Trial Numbers and Geographical Locations.

NAFTA Blueberry (highbush) Blackberry (or any raspberry)

Gro wi;:g Submitted Requested' Submitted Requested'
Zones Canada U.s. Canada U.5.
1 - - 1 -- - --
2 - . 2 - - 1
3 - - - e - w
4 - - - - -— .
5 i -- 2 - - .
6 - -- - - - 1
] - - - - -

8 - - - -- -

o . - - - -

10 -- - -- -~ --

11 - - “- - “-

12 " - 1 1 - 1
13 - - -- - -

Total l - ) 1 - 3

Based on EPA OPPTS Guideline 860.1500. Indicates a 25% reduction for a crop group.
2 Zones LA, 5A and B, 7A and 14-20 were not included as the use is for U.S. only.

B.2. Sample Handling and Preparation

Blackberries and blueberries were harvested at 0 DAT (after the sixth application). Duplicate
control and treated samples of berries (2.5 1bs/sample) were collected from each test and placed
in frozen storage at each test facility within 1 hour. Samples were stored frozen at the field sites
for 5-26 days. Samples were then shipped by ACDS freezer truck to the analytical laboratory,
United Phosphorus, Inc. (King of Prussia, PA), and stored at <-18EC until analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) infon berries were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397—166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
in/on berries is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this value was the
instrument LOD, rather than the LOD of residue in a control matrix.

DP4 356315/MRID No. 47526711 Page 6 0of 9 7(/
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of blackberries were fortified with endothall at 0.05-5.0 ppm for
method validation, and control samples of blackberries and blueberries were fortified with
endothall at 0.05-1.0 ppm for concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon berries was adequately
validated prior to and in conjunction with the analysis of field trial samples. The average method
validation recovery was 93% with a standard deviation of 5% for blackberry (Table C.1). The
average concurrent recovery was 85% for blueberry and 76% for blackberry. Apparent residues
of endothall were <L.OQ in/on control samples of berries. Adequate sample calculations and
example chromatograms were provided, and the fortification levels used for the method
recoveries were similar in magnitude to the measured residue levels.

Blueberry and blackberry samples were stored at <-18°C for up to 98 and 85 days, respectively,
prior to analysis (Table C.2). Adequate storage stability data are available indicating that
endothall is stable in frozen tomatoes for up to 467 days (47520719.der, under review). These
data will support the storage durations and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at S ppm
(6.73-6.77 Ib ae/A/season), endothall residues at 0 DAT were 0.158 and 0.197 ppm in/on 2
samples of blueberry and 0.311 and 0.346 ppm in/on 2 samples of blackberry (Table C.3). The
average residues were 0.177 ppm for blueberries and 0.328 ppm for blackberries (Table C.4),

No residue decline data was provided.

No phytotoxicity was noted on the treated crops. Common cultural practices were used to
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this
study did not have a notable impact on the residue data.

TABLE C.1, Summary of Method Validation and Concurrent Recoveries of Endothall from Berries
Matrix Spike Level Sample Size Recoveries Mean £ Std. Dev.

(pprm) m (%) (%)

Method Validation

0.05 3 23,93, 93 93+£0

Blackberry 0.5 3 92, 93, 103 96 + 6
5.0 3 83,91, 94 90+5
Tetal £ 85-103 93 &5
Concurrent Recoveries

0,05 1 83 83
Blueberry 0.5 i R7 87

Total 2 83-87 85

0.05 1 79 79
Blackberry 1.0 i 73 73

Total 2 73-719 76

Standard deviations are calculated for data sets having >3 values.

DP4356315/MRID No. 47520711

Page 7 of 9

178

1%



Pl Endothall/038901/Interregional Research Project No. 4

=4
‘_

DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0OECD 1A 8.4.3 and ITIA 8.3
Waler, Fish, and lrrigated Crops - Irrigaled Berries

TABLE C.2.  Summary of Storage Conditions.
Matrix Storage Temperature Actual Storage Duration Interval of DSE m;)'n.slratcd
{oc} (days}l Stol‘age taz ]I]ty
{days)
Blueberry <18 o8 467
Blackberry 85

Interval from harvest to extraction for analysis. Extracts were stored up to | day prior to analysis.
* Endothall is stable in frozen tomatoes for up 10 467 days (47520719 der under review).

TABLE C.3. Residue Data from Crop Field Trials with Endothali Monoalkylamine Sali (SC/L).
Trial ID . ‘ Total Rate ' PHI , R
. . Zone Crop; Variety Matrix ) Residues {ppm} **
(Ciyy, State; Year) ppm b ae/A {days)
Conklin, M1 2087 Blueberry: Blue .
MIS32 5 Ray (Highbush) Fruit 5.0 6.77 ¢ 0.158 4.197
Hillshorg, OR 2007 Blackberry .
ORS41 12 (Boysen) Fruit 5.0 6.73 0 0311 0.345

The LOQ is .05 ppm.

The rate is expressed both in terms of the coneentration in the irrigation watet (ppm} and the total amount (Ib ae/A) applied.
? Expressed in acid equivalents.

3 The two results for each field trial represent two samples taken from a single plot, not lwo plots.

TABLE C.4.  Summary of Residue Data from Berry Field Trials with Endothall Monoamine Salt (SC/L).
FIX
H 2
Commodity Tm?{ia‘?epp“c. { czl);; ; ' - Residue Le:cls (pl;’l:e)dian —
in, Max. HAFT (STMdR) | (STMR) Sid. Dev.
Blueberry 5&2»?},?},;“ 0 1 0.177 0.177 0.177 0.177 0.177 N/A
Blackberry 5{2_%’;“ o | 1} o3 ] o032 | 0328 | 0328 | 0328 N/A

The value in parentheses is the total application rate in terms of Ib ae/A.

? Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm
* MAFT = Highest Average Field Trial.

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of berry crops. The data support the use of endothall in irrigation water ata
concentration of 5 ppm ae, with no more that six appiications per season and a minimum 7-day
interval between applications to the water. Residues on the berry crops were determined at a 0-

day PHL

E. REFERENCES

None

DP# 356315/MRID No. 47520711
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Primary Evaluator ,(’ / M/ o) Mﬁ( / Date: 5 June 2009

David Soderbcrg, Chemlst RABV_HED

Approved by D\) MM b,w Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/31/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520714, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Grass, Forage, Fodder and Hay Group: Lab Project Number: Z9760. Unpublished study prepared
by Interregional Research Project No. 4. 509 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (1R-4) submitted field trial data reflecting the exposure of
grass to endothall through the use of treated irrigation water. A total of six grass field trials were
conducted in Zones 4, 6, 11 and 12 during 2006 and 2007, including 2 field trials each on
bluegrass, Bermuda and fescue grass. In each test, a 2.0 1b ae/gal soluble concentrate (SC/L)
formulation of endothall {monoalkylamine salt) was used to treat the irrigation water at a rate of
5 ppm ae. [In order to avoid the complications of different molecular weights for different salts,
endothall concentrations are expressed as the free acid eguivalents (a¢).] The treated water was
applied to the grass during vegetative development as six broadcast foliar applications using
overhead sprinklers, at retreatment intervals (RTIs) of 6-10 days. A volume equivalent to ~1
acre inch of water (27,154 gal/A) was applied for each application. Based on the concentration
of the endothall in the irrigation water and the amount of water applied, the application rates for
endothall were equivalent to 1.11-1.17 Ib ac/A/application, for a total of 6.64-7.02 1b

ae/A/season.

Duplicate control and treated samples of grass forage and hay were harvested on either the day of
the final application (0 DAT) in the fescue tests, at 1 DAT in the Bermuda grass tests, or at 1-2
DAT in the bluegrass tests. The forage samples were collected immediately after harvest, and
the hay samples were field-dried for 2-6 days prior to collection. After collection, samples were
stored at <-10°C for up to 440 days prior to analysis, Adequate storage stability data are
available to support the duration and conditions of sample storage.

Residues of endothall (free acid) in/on grass forage and hay were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% HiPQ,4. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and

DP# 356315/MRID No. 47320714 Page 1 of 10
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elution through an amine solid phase extraction {(SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall
acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on forage and hay is
0.05 ppm.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.64-7.02 |b ae/A/season), endothall residues were 1.70-2.86 ppm in/on 12 forage samples and
5.34-14.2 ppm infon 12 hay samples harvested at 0-2 DAT. Average endothall residues were
2.21 ppm for forage and 8.77 ppm for hay, and the highest average field trial (HAFT) residues
were 2.73 ppm for forage and 13.65 ppm for hay. No residue decline data were provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the field trial residue data are classified
as scientifically acceptable. Although limited field trials were performed, these applications are
expected to be conservative relative to actual inadvertent applications. The acceptability of this
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry
Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothal} (PC Code 038901) and its dipotassium (PC Code 038904) and
atkyfamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm infon cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm infon rice grain and straw [40 CFR
§180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of grass with endothall-treated water. The
chemical structure and nornenclature of endothall and its monoalkylamine salt are listed in Table
A.l. The physicochemical properties of technical grade endothall and its monoalkylamine salt
are listed in Table A.2.

DP# 356315/ MRID No. 47520714 Page2 of 10 7 C1
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Table A.E. Nomenclature of Endothall and its Monoalkylamine Salt.

Chemical Structure 0
O
OH

O
Common name Endothall
Molecular Formula CyH160s
Molecular Weight 186.16
IUPAC name 7-oxabicyclof2.2. 1 heptane-2,3-dicarboxylic acid
CAS name ‘7-oxabicyclof2.2. 1 Jheptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Registration | Cotton, hops, potato, alfalfa grown for seed
Chemical Structure 0

- H,C
© \N+ CH,(m)CH
— i}
OH / ANCH,
H,C
O (n="7-17)

Comymon name Endethall, mono-N.N-dimethylalkyl amine salt
Molecular Formula Not available

Molecular Weight

Average: 422

IUPAC name ‘7-oxabicyclof2.2.1Jheptane-2,3-dicarboxylic acid, compound with N,N-
dimethylcocoamine

CAS namg¢ Not available

CAS # 66330-88-9

PC Code 038903

Current Food/Feed Site Registration

Cotton, hops, potato, alfalfa grown for seed, aguatic uses

DP#356315/MRID No. 47320714
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Tahle A.2. Physicochemical Properties of Endothall and Its Monealkylamine Salt,

Parameter [Value [Reference

Endothall (acid)

Melting point 108-110T 187593, D187590, and D187588,
5/5/93, K. Dockter

pH 2.7 at 257 (1% solution) D187593, D187590, and ID187588,

5/5/93, K. Dackter

Density, buik density, or specific
gravity

0481 g/em’ {bulk) at 25T

D187593, 187590, and 187588,
5/5/93, K. Dockter

Water solubility at 25T

109.8 g/L.

13.1 g/100 mL in water, pli §
12,7 /100 mL in water, pH 7
12.5 g/100 mi, in water, pH 9

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Toghrol

Solvent solubility at 25T

3.4 g/100 ml. in acetonitrile
2.4 g/100 mL in n-octanol
16.0 g/100 mL in letrahydrofuran

D207011, $/30/94, F. Teghrol

Vapor pressure

3.92 x 10° mm Hg a1 24.3C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4.32 for Step 1 and 6,22 for Step 2 at 207 (0.2%
solution in 20% basic ethanol); dissocialion rate
1.8-2.3 x 16° pmho within 3-5 minutes at 3257,
by conductivity meter

D188708, 5/3/93, X. Dockter

Oclanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV /visiblc absorption spectrum

Mot available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point

Mot available

pH

5.2 a1 25T (1% solulion)

D187593, 187590, and D187588,
5/3/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mi at 23C

D187593, ID187590, and D187588,
5/5/93, K. Dockter

Water selubility at 25T

2>49.2 g/100mL in water, pH 5
251.6 g/100 mL in water, pH 7
>49.8 g/106 mL in water, pH 9

D210814, 8/9/95, S. Knizner

Solvent solubility at 25C

>102.5 g¢/100mL in acetonitrile
295.4 /100 mL in n-octanol
>104.3 g/100 mi. in tetrahydrofuran

D2108t4, 8/9/95, 8. Knizner

Vapor pressure

2.09 x 10°° mm Hg at 25T (calculated; mixed
mono- and dialiylamine (C8-C20))

1206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6,07 for Step 2 at 20T for
mixed mono- and dialkylamine (C8-C20} in
acidified ethanol/water; dissociation complete
{117 minutes (1.7 x 10° umho) at 257

D198885, 4/7/94, F. Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 107 M and
8.9x 10" M, a1 25T

12209995, 1/20/95, L. Edwards

UV visible absorption spectrum

Mot available

B.

B.1.

EXPERIMENTAL DESIGN

Study Site Information

A total of six grass field trials were conducted in Zones 4, 6, 11, and 12 during 2006 and 2007,
including two field trials each on bluegrass, Bermuda and fescue grasses (Table B.1.1}. The

irrigation water used in each test was treated with endothall (2.0 1b ae/gal SC monoalkylamine
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the grass

during vegetative development as six broadcast foliar applications using overhead sprinklers, at

Paged of 10
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RTIs of 6-10 days. A volume equivalent to ~1 acre inch of water (~27,154 gal/A) was applied
for each application. Based on the concentration of the endothall and the amount of water
applied, application rates for endothall were equivalent to 1.11-1.17 Ib ae/A/application, for a
total of 6.64-7.02 1b ae/A/season (Table B.1.3). Although limited field trials were performed,
these applications are expected to be conservative relative to actual inadvertent applications.

TABLE B.1.1. Trial Site Conditions.
Trial 1dcntification (City, Statc; Ycar) Soil characteristics’
Type YeOM pH CEC (meg/100g)

If_i:glrgptc, 1A 2006 Silt loam 0.6 7.6 11.7

]ia;(s; lfiicmard, TX 2006 Clay 2.3 6.3 27.1
i?zfsal‘? WA 2006 Loamy sand Lo 74 12.4
2;\;53“ SR 2007 Silt loam 1.6 6.6 7.9
ﬁ':;i';dfia’ LA 2006 Silty clay loam NR NR NR
}({)irl{zgts:gro, OR 2067 Silt loam 2.3 63 16,0

These parameters are optional except in cases where their vajue affects the use pattern for the chemical.

TABLE B.1.2, Water Characterizatiott,

. Water characteristics
Study site -

Type Hardness/Salinity pH Turbidity Dissolved OM

Lecompte, LA 2006 .
LAS12 Well NR NR NR NR
East Bernard, TX 2006
TXS$14 Well NR NR NR NR |
Ephrata, WA 2006
WAS15 Well NR NR NR NR
Newport, SR 2007 .
ARS37 City water NR NR NR NR
Alexandria, LA 2006
LASI3 Well NR NR NR NR
Hillsboro, OR 2007
ORS38 Well NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No irrigation was reported during the study period. The tests were
conducted according to normal agricultural practices for the regions, and information was
provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).

DP# 35631 5MRID No. 47520714 Page 5 of 10

18

BQ’L



#4f Endothall/03850)/Interregional Research Project No. 4
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IT1A 84.3 and 1A 8.3
Water, Fish, and Irrigated Crops - hrrigated Grasses

TABLE B.1.3. Study Use Pattern.
Location Application Information
(Cf‘ty, State; Year) Elil::;z]:f Method; Timing Concen. ! Volume | Single Rae] RTI® Total Rate
Trial ID ; © ] (eal/A)* | (Ibae/A)? | (days) | (Ibae/a)?
Lecompte, LA 2006 Six broadcast foliar
LAS12 application during
20 Isbcifl gal vegetative development 5.0 2288221921- 1.17 6-7 7.02
using overhead ’
sprinklers.
East Bernard, TX Six broadcast foliar
2006 application during
TX$14 20D selgal | vegetative development so | 2O 6-8 6.75
using overhead :
sprinklers.
Ephrata, WA 2006 Six broadcast foliar
WASIS application during
20 Isbc?g gal | | egetative development 5.0 26,715 111 7 6.64
using overhead
sprinklers.
Newport, SR 2007 Six broadcast foliar
AR337 application during
20 Islgxz:’gal vegetative development 5.0 22:;’ 1112;23- 1.13 7-10 6.76
using overhead ’
sprinklers.
Alexandria, LA Six broadcast foliar
2006 1 | application during
LAS13 29 Isbc?ffgd] vegetative development 5.0 22882;57,72 1.17 6-7 7.00
using overhead ’
sprinklers.
Hillsboro, OR 2007 Six broadeast foliar
ORS%38 application during
2.0 g:c‘?lelgal vegetative development 5.0 27,086 .12 7 6.73
o using overhead
sprinklers.

The concentration of endothall (in acid equivalents) in the irrigation water.

% The target irrigation rate was 1 acre inch of water or 27,154 gal/A.
' The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot size,

4 RTI = Retreatment Interval.

No adjuvants were included in the irrigation water.

DP# 356315/MRID No. 47520714
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TABLE B.1.4. Trial Numbers and Geographical Locations.

(Grass

NAFTA Growing Zones’ Submitted Reguested’

Canada U.s.
H -
2
3 e
4 3
5 - -
6 1 - N
7
8 -
9
10 - -
11 1 N
12 1 -
i3 -
Total 6 - 122

' Based on EPA OPPTS Guideline 860,1500.
? Guidelines do not speeify zones for grass trials.
¥ Regions 1A, 5A and B, 7A and 14-21 are not included in this table as the proposed use is for the U.S. only.

B.2. Sample Handling and Preparation

Duplicate control and treated sampies of forage (2.2 lb/samples) and hay (1.0 Ib/samples)
were harvested from each test site. The samples were cut at 0 DAT in the fescue tests, 1 DAT in
the Bermuda grass tests, and 1-2 DAT in the bluegrass tests. The forage samples were frozen
within 1.5 hours of collection, and the hay samples were field-dried for 2-6 days to a moisture
content of 10-20% prior to collection and freezing. Samples were stored frozen at the field sites
for 7-37 days. Samples were then shipped by ACDS freezer truck to the analytical laboratory,
ALS Laboratory Group (Edmonton, AB, Canada), and stored frozen (<-10EC) prior to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in‘on grass forage and hay were determined using a LC/MS/MS
method (Method No. KP-242R 1) entitled “Analytical Method for Determination of Endothall in
Crops”, issued 5/4/2007.

For this method, residues were extracted 2 or 3 times by homogenization with water followed by
centrifugation and filtering. Restdues were then derivatized with HFTH in 50% H;POy at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS
using external standards. The m/z 397—166 ion transition was used for quantifying residues.
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on

DP# 356315/MRID No. 47520714 Page 7 0f10
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forage and hay is 0.05 ppm. An LOD of 0.000025 ppm was reported; however, this value was
the instrument LOD, rather than the LOD of residues in a control matrix.

Control samples of forage and hay were fortified with endothall at 0.05-5.0 ppm for method
validation and at 0.05-15.0 ppm for the concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon grass forage and hay
was adequately validated prior to and in conjunction with the analysis of field trial samples. The
average method validation recoveries (£35D) were 92 + 17% for forage and 86 + 5% for hay
(Table C.1). Average concurrent recoveries (=SD) were 92 + 13% for forage and 86 + 7% for
hay. Apparent residues of endothall were <LOQ in/on all control samples of grasses. Adequate
sample calculations and example chromatograms were provided, and the fortification ievels used
for the method recoveries were similar in magnitude to the measured residue levels.

Forage and hay samples were stored at <-10°C for up to 404 and 440 days, respectively, prior to
analysis {Table C.2). Adequate storage stability data are available indicating that endothall is
stable in frozen lettuce, corn grain and sugar beet roots for up to 465 days (47520719.der, under
review). These stability data will support the storage durations and conditions for the current
grass field trials.

Folliowing six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.64-7.02 1b ae/A/season), endothall residues were 1.70-2.86 ppm infon 12 forage samples and
5.34-14.2 ppm infon 12 hay samples harvested at 0-2 DAT (Table C.3). Average endothall
residues were 2,21 ppm for forage and 8.77 ppm for hay, and the HAFT residues were 2.73 ppm
for forage and 13.65 ppm for hay (Table C.4). No residue decline data were provided.

Phytotoxicity was reported in the treated plot at one field site (WAS$135), and consisted of stunting
and slight chlorosis. Common cultural practices were used to maintain plants, and the weather
conditions and maintenance chemicals and fertilizer used in this study did not have a notable
impact on the residue data,

DP# 356315/ MRID No, 47520714 Page 8 of 10
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TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothsall from Grass,
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
{ppm) (m) (%) (%)
Method Validation
0.05 6 76, 69, 64,92 8, 78+ 11
Forage 6.5 3 94,100,112 029
5.0 3 106, 110, 114 110+ 4
Total 12 64-114 92+ 17
0.05 3 80, 82, 82 811
Hay 0.5 3 80, 88, 94 877
5.0 3 84, 88,94 8935
Total 9 8094 865
Concurrent Recoveries
0.03 4 94, 89, 89, 72 &6+ 10
0.5 3 78, 105, 73 86+ 17
Forage 5.0 1 93 93
12.0 3 103, 107, 103 104 £2
Total 11 72-137 92 = 13
0.05 5 86,91, 93,92, 76 887
0.5 1 30 80
5.0 2 78, 85 g1
Hay
3.0 t 79 79
15.0 3 93, 87,92 913
Total 12 76-93 8647
Standard deviations are calculated for data scts having =3 values,
TABLE C.2, Summary of Storage Conditions.
Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
(°C) (days)" Storage Stability {(days)®
Forage <10 404 469
Hay 440

Interval from harvest to extraction for analysis. EXtracts were stored up to 35 days prior to analysis,
2 Based on storage stability data from frozen tomatoes, lettuce, corn grain, sugar beet roots, and soybean seeds (47520719.der,
under review).

TABLE C.3.  Residue Data from Crop Field Trials with Endothall Monoalkylamine Salt (SC/L).

Triat 1D . . Total Rate * PHI ? . >
. t .

(City, State; Year) Zone | Crop; Variety Matrix oom 1o oA (days) Residues (ppm)
Lecompile, LA 20086 4 Bermuda grass; Forage 5 2.08 223

| i) 7.02 i
LAS12 Russel Hay 9.80 12.40
East Bernard, TX Bermuda grass; Forage t.85 2,03
2008 6 Coastal 5.0 6.73 1
TX§14 Hay 13.1 14.2

DP# 356315/MRID No. 47520714 Page 9 of 10
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TABLE C.3. Residue Pata from Crop Field Trials with Endothall Monoalkylamine Sait (SC/L).

Trial 1D s . Total Rate ' PHI ? : 5.4
(City, State; Year) Zone | Crop; Variety Matrix oo | 1o 20 (days) Residues {ppm)
Ephrata, WA 2006 1 Bluegrass; Forage 5.0 6.64 i 1.82 1.85
WASiS Ken[acky Hay 747 291]
Newport, SR 2007 Bluegrass; Forage 2.65 2.81
ARS37 4 Kentucky Hay 3.0 6.76 2 %.51 578
Alexandria, LA 2006 Fescue; Foragc 1.70 2.86
LASI3 | notavailable [Ty ] 20 [ 70| © Yo Py
Hillsboro, OR 2007 Fescue, Forage 2.65 199

The rate is expressed both in terms of the concentration in the jrrigation watcr (ppm) and the total amount {Ib ac/A) applied.
* Afier cutting {harvest), the hay samples were field-dried for 2.6 days prior to collection.

¥ Expressed in acid equivalents. The LOQ is 0.05 ppm.

* The two results for each ficld trial represent two samples taken from a single plot, not two plots.

TABLE C.4.  Summary of Residue Data from Grass Field Trials with Endothall Monocalkylamine Salt
(S3C/L).

H 2
Commodity | Total Applic. | PH Residue Levels {PP;‘J‘} - v
Rate (days : 3 cdian ean
) N Min. Max. HAFT SIMAR) | (STMR) Std, Dev.
Forage 5 ppm 0-2 6 .94 273 2.73 221 221 0.32
Hay (6.64-7.02) | 0.3 6 5.87 13.65 13.65 8.77 8.77 3.00

The value in parentheses is the total application rate in terms of Ib ae/A.
? Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm,
¥ HAFT = Highest Average Field Trial.

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of grasses. The data support the use of endothall in irrigation water at a concentration
of 5 ppm ae, with no more that six applications per season, and a minimum 7-day interval
between applications to the water. Residues on grasses are determined at PHIs of 0 days for

forage and 1 day for hay.

E. REFERENCES

None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
PC Code: 038901 and 038905

Templale Version June 2005
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Primary Evaluvator // ,;‘S/ a/ /;éﬂ M , Date: 5 June 2009

David Soderberg, Chemist, RABY, HED

Approved by (/\j A%_ /’H _ ‘bW’“’“’ Date: 5 June 2009
William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/20/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs {OPP) policies.

STUDY REPORT:

47520716, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Grape: Lab Project Number: 29754, Z9754.07-ALS02 Unpublished study prepared by
Interregional Research Project No. 4. 272 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
grapes to endothall through the use of treated irrigation water. In three grape field trials
conducted in Zones 1, 10 and 11 during 2006 and 2007, a 2.0 1b ae/gal soluble concentrate
(SC/L) formulation of endothall (monoaltkylamine salt) was used to treat the irrigation water at a
rate of 5 ppm ae. [In order to avoid the complications of different molecular weights for
different salts, endothall concentrations are expressed as the free acid eqguivalents (ae).] The
treated water was then applied using overhead sprinklers to the grapes as six broadcast foliar
applications during fruit development at retreatment intervals (RTIs) of 6-8 days. A total of ~]
acre inch of water (27,154 gal/A) was applied for each application. Based on the concentration
of the endothall and the amount of water applied, the application rates for endothall were
equivalent to I.11-1.13 1b ae/A/application, for a total of 6.64-6.76 b ae/A/season.

Single control and duplicate treated samples of grapes were harvested on the day of the final
application (0 days after treatment, DAT), and samples were stored at <-10°C for up to 379 days
prior to analysis. Adequate storage stability data are available to support the duration and
conditions of sample storage.

Residues of endothall (free acid) infon grapes were determined using an adeguate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolythydrazine (HFTH) in 50% H3PO,. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cariridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. The validated limit of quantitation (L.OQ) for endothall in/on
grapes is .05 ppm, and the reported limit of detection (LOD) is 0.0001 ppm.

DP# 356315/MRID No. 47520716 Page | of 8
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Following six overhead sprinkler applications of grapes with irrigation water containing
endothall at 5 ppm (6.64-6.76 1b ae/A/season), endothall residues in/on grapes harvested at 0
DAT were 0.376-0.696 ppm. The average residues were 0.522 ppm and the highest average
field trial (HAFT) residues were 0.642 ppm. No residue decline data was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Although residue data are available from only three field trials, the grape field trial residue data
are classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent applications. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Restdue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0. 1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR
§180.293¢a){(1}].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of grapes with endothall-treated water.
The chemical structure and nomenclature of endothall and its salts are listed in Table A.1. The
physicochemical properties of technical grade endothall and its salts are listed in Table A.2.
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Table A.1. Endothall and Salts Nomencilature

Chemical Structure o)

OH

CH

O
Common name Endothall
Molecular Formula CgH,00;4
Molecular Weight 186.16 -
IUPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2. 1Theptane-2,3-dicarboxylic acid
CAS # 145-73.3
PC Code 038901
Current Food/Feed Site Corttan, hops, potato, alfalfa grown for seed
Registration
Chemical Structure O
- H(C
O A
N~ CH {n)CH
OH / 2 k]
H,C
O (=717}

Comimon name Endothall, mono-N,N-dimethylalkyl amine salt
Molecular Formula Not available
Molecular Weight Average: 422
ITUPAC namc 7-oxabicyclo[2.2. 1]heptane-2,3-dicarboxylic acid, compound with NN-dimcthylcocoamine
CAS name Not available
CAS # 66330-88-9
PC Code 0389065

Current Food/Feed Site
Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2, Physicochemical Properties of Endothalil and Salts

Parameter [ Value { Reference
Endothail (acid)
Melting point 108-1107C D187593, D187590, and D187538,

5/5/93, K. Dockter

pH

D187593, D187590, and D187588,
5/5/3, X Dockter

2.7 at 25 (1% solution)

Density, bulk density, or specific
gravity

D187593, D187590, and D187588,

0,481 gfem® (bulk) at 251
5/5/93, K. Dockter

Water solubility at 257

D166798, 7/2/92, K, Dockter
D207011, 9/30/94, F. Toghrol

109.8 g/
13.1 g/100 m}. in water, pH 5

12.7 g/100 mL in water, pH 7
12.5 g/100 mL, in water, pH 9

Solvent solubility at 25C

3.4 /100 mL in acctonitrile D207011, 9/30/94, F, Toghro|
2.4 g/100 mL in n-octano)

16.0 g/100 mL in tetrahydrofuran

Vapor pressure

3.92% 10° mm Hg at 24,31 D166798, 7/2/92, K. Dockter

DP# 356315/MRID No. 47520716
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Table A2, Physicochemical Properties of Endothall and Saits
Parameter Value Reference

Dissociation constant, pK, 4,32 for Step 1 and 6.22 for Step 2 at 20 (02% |D188708, 5/3/93, K. Dockter
solution in 20% basic cthanol); dissociation rate
1.8-2.3 % 10° umho within 3-5 minutes at 125T,
by conductivity meter

Octanol/water partition coefliciest |Not applicable to endothall acid D166798, 7/2/92, K. Dockter

{JV/visible absorption spectrum Not available

Endothall, mone-NN-dintethylalkyl amine salt

Boiling point Not available

pH 5.2 at 25C (1% solution) D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, butk density, or specific 1.028 g/mL at 25°C D187593, D187590, and 2187588,

gravity 3/5/93, K. Dockter

Water solubility at 25€ 2492 g/100mL in water, pH 3 D210814, 8/9/95, 8. Knizer

>51.6 g/100 mL in waer, pH 7
>49.8 /100 mL, in water, pH 9
Solvent solubility at 25 >102.5 g/100mL in acctonitrile D210814, 8/9/95, 5. Knizner
205.4 g/100 mL in n-octano}

2104.3 g/100 mL in tetrahydrofuran

Vapor pressure 2.09 x 10” mm Hg at 25 (calculated; nixed D206344, 9/22/94, F. Toghrol
mono- and diatkylamiue {8-C20))
Digsociation constant, pK, 424 for Step 1 and 6.07 for Step 2 4t 20°C for D 198385, 4/7/94, ¥, Toghrol

mixed mono- and dialkylaminc (C8-C20} in
acidified ethanol/water; dissociation complete
[117 minutes (1.7 X 10° umho) at 25
Qcranol/water partition coefficient | Kgw 2.097 at concentrations of 8.9 x 10° Mand | D209995, 1/20/95, L. Edwards
89x 10*M, a1 25T
UV ivisible absorption spectrim Not available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Three grape field trials were conducted in Zones 1, 10 and 11 during the 2006 and 2007 growing
season (Table B.1.1). The trrigation water used in each test was treated with endothal! (2.0 Ib
ae/gal SC monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated water
was then applied using overhead sprinklers to the grapes as six broadcast foliar applications
during fruit development at RTTs of 6-8 days. A total of ~1 acre inch of water (27,154 gal/A)
was applied for each application. Based on the concentration of the endothall and the amount of
water applied, application rates for endothall were equivalent to 1.11-1.13 lb ae/A/application,
for a total of 6.64-6.76 1b ae/A/season (Table B.1.3). These applications are expected to be very
conservative relative to actual applications. [According to BEAD, grapes are only trrigated from
overhead before fruiting occurs. One the fruit is set, only drip irrigation is used to avotd fungal

infections of the fruit.]
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TABLE B.1.1. Trial Site Conditions.
: T

Trial Identification {City, State; Year} Soil characteristics

Type YOM pH CEC (meq/100g)
North Rose, NY 2006
NYS$01 Loamy $and 27 6.6 7.4
San Luis Obispo, CA 2007
CA$31 Sandy Loam 1.9 6.2 17.6
Ephrata, WA 2006
WAS02 Sandy Loam 0.9 7.9 13.6

These parameters are oplional except in cases where their value affects the usc pattern for the chemical.

TABLE B.1.2  Water Characterization,
Study site Water characleristics

Type Hardness/Salinity pH Turbidity Dissoived OM
Eg‘;‘:}f‘“sc’ NY 2006 Well NR NR NR NR
gi‘é‘l'is Obispo, CA 2007 Well NR NR NR NR
‘fvl’:?é; WA 2006 Well NR NR NR NR

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table
B.1.3).

TABLE B.1.3. Study Use Pattern.
: e ation Inf. ;

%g;?’flg?aic; Year) %?gé[jgf hod: Timi Apphia 10“\/2 ll.?r::auosl:ngic Rate | RTI* Total Rate

Trial 1D Method; Timing Concen. ™ | a1/a)2 {Ib ae/A)° | (days) § (Ibae/A)’

North Rose, NY Six broadcast foliar

2006 2.0 Ib aefgal | application during fruit

NY301 5C development using overhead 4.98 26,998 112 7 6.73
sprinklers.

San Luis Obispo, Six broadcast foliar

CA 2007 2.0 1b aefgal { application during fruit

CA%31 8C development using overhead 4.98 26,715 .13 6-8 6.76
sprinklers.

Ephrata, WA 2006 S$ix broadcast foliar

WAS02 2.0 1b ae/gal | application during fruit

sC development using overhead 4.97 27,148 L1l 7 6.64

sprinklers.

' The concentrate of endothail (in acid equivalents) in the irrigation water, No adjuvants were included i the irrigation water.

2 The target irrigation rate was 1 acre inch of water or 27,154 gal/A.

3 Tle equivalent field use rates were calculated by the reviewer based on the concentration of the endolhall (ae), the application
volume and plot size.

* RTI = Rereatment Lnterval,
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TABLE B.1.4. Trial Numbers and Geographical Lecations.

NAFTA Grapes
(ZEruwuz)g Submitted Requested '
Ones Canada U.5.

l - 2

hY-N -3 O Fa N A - RPN I N3 S5

=
=]

11 ] - 1
12 - - 1
13

Total 3 -~ 12

Based on EPA OPPTS Guideline 860.1500.
? Zones 1A, 5 A and B, 7A and 14-2] were net included as the proposed use is for the U.S. only.

B.2. Sample Handling and Preparation

Duplicate control and treated samples of grapes (>2 lbs/sample) were harvested at 0 DAT
following the sixth application and placed in frozen storage at the test facility within 1 hour.
Samples were stored frozen at the field sites for 5-34 days prior to shipment by freezer truck or
overnight courier on dry ice to the analytical laboratory (ALS Laboratory Group, Edmonton, AB,
Canada), where the samples were at <~10°C until analysis.

B.3. Analytical Methodelogy

Residues of the free acid of endothall in/on grapes were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3POs at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues. The validated LOQ for endothall in/on grapes is 0.05 ppm, and the reported LOD is
0.0001 ppm.

DP# 356315/MRID No. 47320716 Page 6 of 9
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The above method was validated prior to and in conjunction with the analysis of the grape field
trial samples. Control samples were fortified with endothall at 0.05-5.0 ppm for method
validation and for concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on grapes was adequately
validated prior to and in conjunction with the analysis of field trial samples. Method validation
recovery averaged 90% with a standard deviation of 13%, and concurrent recoveries averaged
101% with a standard deviation of 19% (Table C.1). Apparent residues of endothall were non-
detectable in/on control samples. Adequate sample calculations and example chromatograms
were provided and the fortification levels used for method recoveries were similar in magnitude
to the measured residue levels.

Grape samples were stored frozen at <-10°C for up to 379 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes
for up to 467 days (47520719.der, under review). The stability data for tomatoes will support the
storage durations and conditions for the current grape field trials.

Following six overhead sprinkler applications of endothall {monoalkylamine salt) to grapes at a
rates totaling 6.64-6.76 1b ae/A, endothall residues infon grapes harvested at 0 DAT were 0.376-
0.696 ppm (Table C.3). The average residues were 0.522 ppm and the HAFT residues were
0.642 ppm (Table C.4). No residue decline data was provided.

Following six overhead sprinkler applications of grapes with irrigation water containing
endothall at 5 ppm (6.64-6.76 1b ae/A/season), endothall residues in/on grapes harvested at 0
DAT were 0.376-0.696 ppm (Table C.3). The average residues were 0.522 ppm and the highest
average field trial (HAFT) residues were 0.642 ppm (Table C4). No residue decline data was
provided.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study did not have a notable impact on the

residue data.

In both the NY and WA field trials, phytotoxicity was noted beginning with the second
application and increased in severity with subsequent applications. The leaves initially showed
signs of chlorosis and browning, with leaf necrosis occurring at later applications. No
phytotoxicity was reported on the fruit, and not phytotoxicity was reported for the CA trial.

DP# 356315/ MRID No, 47520716 Page 7 of 9
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TABLE C.1.  Summary of Method Vatidation and Coneurrent Recoveries of Endothail from Grapes,
Matrix Spike Levet Sample Size Recoveries Mean £ Std. Dev.

(ppm) (n) (%) (%)

Method Validation
0.05 3 74, 74,76 74L3
0.5 3 96, 102, 106 10E£5

Fruit 5.0 3 96, 95,97 96 + |

Total 9 71-106 90 £ 13

Concurrent Recoveries

0.05 2 95, 112 104
Fruit 5.0 2 76,119 97

Total 4 76-119 101+ 15
TABLE C.2.  Summary of Storage Conditions.
Maltrix Storage Temperature Actuat Storage Duration interval of Demonstrated

°0) (days)’ Storage Stability (days)®
Grape =10 88-379 467
Interval from harvest to extraclion for analysis. Extracts were stored 3-22 days prior to analysis.
* Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review),

TABLE C.3. Residue Data from Grape Field Trials with Endothali 2 Ib ae/gai SC/L).
Triaf 1D . . Total Rate ! PHI .

! Z A Matrix Resid %3
(City, State; Year) one ariety atri - (1b a5/A) (days) esiducs (ppm)
North Rose, NY 2006 . .

NY$01 1 Efvira Fruit 4,98 6.73 G 0.433 0376
San Luis Qbispo, CA

2007 10 Pinot 155 Fruit 4.98 6.76 0 0.588 0.449
CAS$31

Ephrata, WA 2006 - .

WAS02 11 Riesling Fruit 4,97 6.64 ¢ 0.587 0.696

? Expressed as the free acid. The LOQ is 0.05 ppm and the LOID is 0.0001 ppm.
% The two results for each field trial represent two samples laken from a single plot, not two plots.

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and Ihe total amouynt (ib ac/A) applied.

TABLE C.4, Summary of Residue Data from Grape Field Triats with Endothali.
; 2
Commodiy | 1ot Applic. | PJiI Residuc Levels ("";‘)d, -
Rate (days) ; 3 cdian ean
¥S n Min. Max. HAFT (STMdR) | (STMR) Std. Dev,
5.0 ppm
Grape (6.64-6,76) ¢ 3 0.405 0.642 0.642 0.522 0.522 0.119
The valu¢ in parentheses is the total application rate in terms of Ib ac/A.
? Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm.
3 HAFT = Highest Average Ficld Trial.
DP# 356315/MRID No. 47520716 Page 8 of 9
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D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of grapes. The data support the use of endothall in irtigation water at a concentration
of 5 ppm ae, with no more that six applications per season and a minimum 7-day interval
between applications to the water. Residues on the grapes are determined at a 0-day PHL

E. REFERENCES
None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009);
Petition Number: 8E7419

DP#: 356315

PC Code: 038901, 038905

Template Version June 26035
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713, submitted 3/20/2009). The DER has been reviewed by the
Heaith Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520716. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Grape: Lab Project Number: Z9754, Z9754.07-ALS02 Unpublished study prepared by
Interregional Research Project No. 4. 272 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 {IR-4) submitted a grape processing study refiecting the
exposure of grapes to endothall through the use of treated irrigation water. In a field trial
conducted in NY (Zones 1) during 2006, a 2.0 Ib ae/gal soluble eoncentrate (SC/L) formulation
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae.
[In order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to the grapes as six broadcast foliar applications during fruit
development at retreatment intervals of 7 days. A total of ~1 acre inch of water (27,154 gal/A)
was applied for each application. Based on the concentration of the endothall and the amount of
water applied, the application rates for endothall were equivalent to 1.12 1b ae/A/application, for
a total of 6.73 1b ae/A/season.

Single bulk control and treated samples of grapes were harvested at normal crop maturity,
immediately following the last irrigation (0 days after treatment, DAT). The grapes were
processed into juice and raisins within 2 days for harvest using simulated commercial
procedures. Grape juice was cold pressed and gave an unusually low yield. Whole fruit and
processed fractions were stored frozen for up to 377 days prior to analysis. The sample storage
intervals and conditions are supported by the available storage stability data.

Residues of endothall (free acid) in/on grapes and grape processed fractions were determined
using an adequate LC/MS/MS method (Method No. KP-242R1). For this method, residues were
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50%
H4PO4. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were
then analyzed by LC/MS/MS using external standards for quantitation. The validated limit of

DP# 356315/MRID No. 47520716 Page 1 of 12 /’
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guantitation (LOQ) for endothall is 0.05 ppm, and the reported limit of detection (LOD) is
0.0001 ppm.

Residues of ecndothall averaged 0.280 ppm in/on whole grapes (RAC) were 1.24 ppm 1n juice
and 1.21 ppm in raisins. The processing factors for juice and raisins were 4.3x and 4.4x,
respectively. The theoretical concentration factors for juice and raisins are 1.2x and 4.7x,
respectively. Although the processing factor for raisins was in line with the theoretical value, the
processing factor for juice was impossibly higher than the maximum theoretical concentration
factor.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the grape processing study is
scientifically acceptable for processing to raisins. It is not acceptable for processing to grape
juice. The juice was cold pressed when grape juice is normally hot pressed. The yield was
unusually low, and the residue results were impossibly high. The acceptability of this study for
regulatory purposes is addressed in the forthcoming U.8. EPA Residue Chemistry Summary
Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [ 7-oxabicyclo[2,2,1] heptane-2 3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassivm (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR

§180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a grape processing study reflecting irrigation of grapes with endothall-treated
water. The chemical structure and nomenclature of endothall and its salts are listed in Table A.1.
The physicochemical properties of technical grade endothall and its salts are listed in Table A.2.

DP#356315/MRID No. 47520716 Page 2 of 12
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Table A.1. Endothall and Salts Nomenclature

Chemical Structure O

O

OH

O
Common name Endothall
Maolecular Formula CeHi00s
Molecular Weight 186.16
1UPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
CAS name T-oxabicyclo]2.2. 1 Theptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038961
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
Registration
Chemical Structure O
- G
O A
N—*CHZ(n)CH*
OH / ?
H,C
O n=7-17

Common pame

Endothall, moro-N,N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight

Average: 422

FUPAC name 7-oxabicyclo]2 2.1]heptang-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not avajlable

CASH# 66330-88-9

PC Code 038905

Current Food/Feed Site
Registration

Cotton, hops, potato, alfalfa grown for sced, aguatic uses

DP# 356315/MRID No. 47520716
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Table A.2. Physicochemical Properlies of Endolhall and Salls

Parameter | Value | Reference

Endothall (acid)

Melting point 108-110%C D187593, D187590, and D187588,
5/5/93, K. Dockier

pH 2.7 at 23°C (1% solution) D187593, D187590, and 187588,

5/5/93, K. Dockier

Density, bulk density, or specific
ravity

0.481 g/om’ {buik) at 25T

D187393, 187590, and D187588,
5/5/93, K. Dockter

Water solubitity at 251

109.8 g/L
13.1 /100 mL in water, pld 5

12,7 g/100 mL in water, pH 7
12.5 p/100 mL in water, pH 9

D166798, 7/2/92, K, Dockter
D207011, 9/30/94, F. Toghrot

Solvent sofubility at 23T

3.4 g/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 /100 mL in tetrahydrofuran

D207011, 9/30/94, F. Toghrol

Vapor pressure

3,92 x 107 mm Hg a1 24.3C

D 166798, 7/2/92, K. Dockler

Dissociation constant, p&,

4.32 for Step 1 and 6,22 for Step 2 at 207 {0.2%
sotution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° umho within 3-5 minutes at 125,
by conductivity meler

D 188708, 5/3/93, K. Dockter

Octanol/waler partition cocfficient

Not applicable to endothall acid

D166798, 7/2/92, K., Dockter

UV/visible absorption specirim

Not available

Endothall, mono-N,N-dimelhylalkyl amine sall

Boiling point

Not avaiiable

pH

5.2 at 25°C (1% solution)

D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
| gravity

1.028 g/mt. at 25T

D1%87593, D187590, and D187588,
5/5/93, K. Dockter

Watcr sojubitity at 25

>49.2 g/100mL in water, pH 35
>51.6 /100 mL in water, pH 7
249.8 2/100 mL in water, pH 9

D210814, 8/9/95, S. Knizner

Solvent solubility at 257

>102.5 g/100mL in acetonitrife
293.4 g/100 mL in n-octanol
Z104.3 g/100 mL in tetrahydrofuran

D210814, 8995, 5. Knizner

Vapor pressure

2,09 x 10~ mm Hg at 25T (calculated; mixed
mono- and dialkytamine (C8-C20))

D206344, 9/22/94, F, Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 20°C for
mixed mono- and dialkylamine (C§-C20) in
acidified ethanol/waler; dissociation complete
017 minutes (1.7 x 10° pmho) at 25C

D>1988835, 4/7/94, F. Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10 M and
8.9x 10" M, at25%

D209995, 1/20/05, L. Edwards

UV /visible absprption spectrum Not avaiiabie
B. EXPERIMENTAL DESIGN
B.l1. Application and Crop Information

In a field trial conducted in NY during 2006, grapes were irrigated six times with endothall-
treated water using overhead sprinklers (Table B.1.1). The irrigation water was treated with

endothall (2.0 [b ae/gal SC monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent.
The grapes were itrigated six times during fruit development at an RTI of 7 days. A total of ~1
acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the concentration of

Page 4 of 12
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the endothall and the amount of water applied, application rate for endothall was equivalent to
1.12 1b ae/A/application, for a total of 6.73 Ib ae/A/season.

TABLE B.1.1, Study Use Pattern.
?Coi(i;ng;law Vear) End-Use Applicatio nvlnlformatm; — - -

iy, ; Product thod: Timi 1 olume ¢ Single Rate | RTI otal Rate
Trial ID Method; Timing Concen. ™ | oAy | (Ibac/A)’ | (days) | (Ib ac/A)’
North Rose, NY Six broadcast foliar
2006 2.8 b ac/gal | application during fruit
NYSol SCAL development using overhead 4.98 26,998 L.12 7 6.73

t sprinkiers.

' The concentrate of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
* The targel irrigation rate was | acre inch of waler or 27,154 gal/A.
! The equivalent field use rates were calculated by the reviewer bascd on the concentration of the endothal | (a¢), the application

volume and plot size.
* RTI = Refrcatment Interval.

B.2. Sample Handling and Processing Procedures

Single bulk control and treated samples (~75 lbs) of grapes were harvested at 0 DAT, and were
shipped fresh on the day of harvest to the processing facility, ACDS Research, Inc. (North Rose,
NY). Samples were placed in cool storage prior to processing. Two subsamples of fresh
unwashed grapes were collected prior to processing. Samples were processed into juice and
raisins using simulated commercial procedures. The grapes were processed into juice on the day
of harvest and into raisins within 2 days of harvest.

For juice production, unwashed fruits were crushed and destemmed in a crusher/destemmer and
the wet mash was collected and pressed to produce the unfiltered juice. For raisins, samples
were hand destemmed, placed on trays and dried in a dehydrator for 48 hours to a moisture range
between 15-18%. The flow charts for juice processing and the material bal ance sheets for the
treated samples are presented in Appendix I. For juice, the initial 47.5 lb sample of grapes was
processed into 24 1b of unfiltered juice (51%) and 20.5 lbs of wet pomace (43%). For raisins, the
initial 15 Ib sample of grapes was dried down to yield 2.5 b of raisins (17%).

The whole fruit, juice and raisin samples were transferred to frozen storage (<-10°C)
immediately after processing and shipped frozen via ACDS freezer truck 21-23 days later to
United Phosphorous, Inc. (King of Prussia, PA). After homogenization, processed samples were
shipped by overnight courier on dry ice to ALS Laboratory Group. At ALS, the processed
samples were stored frozen (<-10°C) prior to analysis.

B.3. Analytical Methodology

Residues of the free acid of endothall in/on grapes and grape processed fractions were
determined using a L.C/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for
Determination of Endothall in Crops”, issued 5/4/2007.

Page 5 of 12
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For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PQO,4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTRBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues. The validated L.OQ for endothall is 0.05 ppm, and the reported LOD is 0.0001 ppm.

For method validation, control samples of grapes and raisins were fortified with endothal] at
0.05-5.0 ppm.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on grapes and grape
processed fractions was adequately validated prior to and in conjunction with the analysis of
processing study samples (Table C.1). Method validation recovery averaged 90% with a
standard deviation of 13% for grapes, concurrent recoveries averaged 101% with a standard
deviation of 19% for grapes and averaged 110% for raisins (n=2). Apparent residues of
endothall were non-detectable in/on control samples. Adequate sample calculations and example
chromatograms were provided and the fortification levels used for method recoveries were
similar in magnitude to the measured residue levels.

Grape, juice and raisin samples were stored frozen at <-10°C for up to 379 days prior to analysis
(Table C.2). Adeguate storage stability data are available indicating that endothall is stable in
frozen tomatoes for up to 467 days (47520719.der, under review). The stability data for
tomatoes will support the storage durations and conditions for the processing study.

Residues of endothall averaged 0.280 ppm infon whole grapes (RAC) were 1.24 ppm in juice
and 1.21 ppm in raisins {Table C.3). The calculated processing factors for juice and raisins were
4.3x and 4.4x%, respectively. The theoretical concentration factors are 4.7x for raisins and 1.2x
for juice. Although the observed processing factor for juice is substantially higher than the
theoretical value, no explanation was provided as to why residue concentrated to such an extent

in juice.

DP# 356315/MRID No. 47520716 Page 6 of 12

2057



wf
=

Endothall/03890 | /Interregionat Research Project No. 4
DACQ 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IITA 8.4.3 and [TA 8.3
Water, Fish, and Irrigated Crops — Grape processing study

TABLE C.1.  Summary of Method Validation and Concurrent Recoveries of Endothall from Grapes.
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
(pprm) (m (%) (%)
Method Validation
0.05 3 74, 71,76 74+3
0.5 3 96, 102, 106 101 £5
Fruit 5.0 3 96, 93, 97 96 % 1
Total i 71.106 9013
Concurrent Recoveries
0.05 2 05, 112 104
Fruit 5.0 2 76, 115 &7
Total 4 76-119 10 x 1%
0.05 1 106
110
Raisins 5.0 1 113
TABLE C.2, Summary of Storage Conditions.
Matrix Storage Temperature Actual Sterapge Duration lntcrsva] OfD; m; rlx :strated
°C) (d ays)] torage Stability
(daysy
Grape
Tuice =10 377-379 467
Raisins
Interval from harvest te extraction for analysis. Extracts were stored 11-12 days prior to analysis.
2 Endothall is stable in frozen tomatoes for up to 467 days (47520719 .der under review).
TABLE C.3. Residue Data from Grape Processing Study with Endethall,
RAC . I PHI . 2 Processing
Processed Commeodity Total Rate (days) Residues (ppm) Factor
Grape Unwashed whole fruit (RAC) 5 ppm 0.291, 0.269 (ave. 0.280) e
Juice 0 1.21 4.3x
Raisin (6.73 Ib ae/s) .24 44

? Residues are expressed in acid equivalents, The LOQ is 0.05 ppm.

DO

CONCLUSION

The rate js expressed beth in terms of the concentration in the irrigation water (ppm) and the total amount (1b ae/A) applied,

The grape processing study is adequate and indicates that endothall residues can concentrate in
raisins (4.4x). It does not provide acceptable information about juice processing.

E.

None.

REFERENCES
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Appendix I. Grape Juice Processing Flow Chart and Mass Balance Sheets for Juice and
Raisin Processing (Treated Samples).

Intesregional Research Project No. 4 PR. No. 29754 Page 101

24754 -0b- gedod.
A C DS Research, Inc

FLOW CHART

Typical Small Batch Grape Processing Simulating Commercial Processing

e N hObe FruitsJuiees et Romace-end-Dry-Romace- Eractions

WHOLE
48 Ibs ,{5 1bs| FRUIT
one bushel SAMPLE
1-3% Loss 43 |bs """“"“""j
(Stems) Grinding &Destemming
1-5% lLoss
{Operation)
37 40 1bs | Mash
+
10-15% Loss ’.PRESSING Qperation
33-36 lbs
A S —
18- 21 1hg—-» . JUICE
40-45% Ivice E;Z gat ] SAMPLE
ca 451bs
35. 40% Wet 13-16 Ibs . . [2ms | wetpomace
POMACE | - SAMPLE
11-14 |bs Wet Pormace For Drying
DRYING Operation —- {ca 215 ] DRY POMACE
SAMPLE

(less than 10% moisture)

Diy Pomace is 20-25%
by weight of wet pomace

DP# 356315/MRID No, 47520716 Page 9 of [2
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Interreglonal Research Project No, 4 PR. No. Z9754 Page 73

AC DS Research, Inc.

FRUIT PROCESSING CALCULATION WORKSHEET (GRAPES)

e e - Sponser-Tial No w2 S4nf-gebo2. o .. . ACDS .Eroces;ing.No:MQ&a- e v e

o F o _-SompleNoc _A& -TreoimentNo. _ Unireated. X Trected

STEP 1: finfflal Sampie Sire}
TS0 - Gross Weight {lbs) of somple {Fruit + Contoiness) _3_ - No. of Containers.
,gn 5.0 - Tare Weight fibs -welght of contoiners)— 3.3k + L3 |4 G}.qpnn for Padsing

50.0_- Net Weight ibs) ot fruil for processing fManscribe o ' Net Weight" colurnn for “Stoding Weight"
and “"Whole Fruit Woshed" or “Whole Fruit Urwashed' on the ACES Fruit Procersing Form)

z W5 -'Weight [Ibs] ot Whole fruli Somple (franrcibe lo "Sample Weight” column tor “Whole Fruit
wWashed” or “whole Fruit Unwoshed”).

_5‘;*155._- RAuit fios) for destemmaer

SIEP 2: (Wef Mazh}

S0 - Gros1 Weigh! fibs) of wet Mash produced Iwet Mosh + Tub)
13.5 - tare Welght Jips - weight of fub).

Y35 - Net Weight {ib1) ol Wet Mesh tot prerring (Tronsciibe to "Het waight".column lor *Tolo! Arnount
Gt Wet Mash Produced”).

SIEP 3: fiulce]
2bD - Gross Weight [Ibs) of Mice produced {Juice + Foll w/ tiner
2.6 R+ _Tors Weight (Ibs - pailw/ nes: 1 No Pallsx 2lbs/Peil) 41T rof4fod @)
Z:ﬁ_?__- Net Weight {Ibs) of Juice proguced {Ironrcibe 1o 'Net Weight" colurnn for Juice)].
:&_Q__v Weight fibs) of Juice Sornpie (Fronrcribe 1o “sample Weight” cofuma tor tuice
1EP 4: (Wel Pomace
22,5 -Giors Weight {lbr) ot Wat Pomoce mpioduced (Wet Pomoce + Pollw/ tiner)
'1;0_ - Tove Weight flbs - pailw/ liner: ] _ Ho. Polls x 2 lor)Poil)
_31!!,-_5_ - Net Weighl ot Pornoce producad {franscribe 1o "Net Waight™ column lor Wet Pomoce}

~ 0~ -welght fibr) of Wet Pomoce somple Jironscilbe to “Sample Welght™ column for Wet Poimace).

Signatiure: Guug_i TQ\CL_I&\ Dcte: ..LQJ_lLin’_

ACDS Research, Ine SOP/R/QI/RT

DP# 356315/MRID No, 47520716 Page 10 of 12
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Interregional Research Project No. 4 PR. No. 79754 Page 74

A CD S Research, Inc

FRUIT PROCESSING FORM (GRAPES)

Date: 10+ 4 200 Sponsor TsalNo : _2975Y4.0b-AcDOZ. ACDS Processing No : 1206408
FPreprocessipp Equipment Clesning:
x Al equipment cleaned with soap and water before use
Oiher:

Treatment No b ,Coptrol ___ . , Treated _ X
Requested Fraction Amounis (bs):

Whole Fruit _ X fuice A WetPomace _ Dy Pomace

Cther -

Processing (Grnding, Pressing, Juice, Wei Pomace, and Dry Pomace |if necessary] Collection  Nole - weights
transcribed frot attached Fruit Processing Caloulation Wotksheet):

Met Sampic

Weighl Wi Time Time
FRACTIONS (Lhs. ] Sampte 1D {Lbs. ¥ Cooled Frozen
Starting Weighl 0.0
Whole Fruit Washed
Whole Fruil Unwashed 25 A 2.5 SL§ 430

Ll P

Total Amouni of Wel Y35
Mash Produced .
fuice ay.n P S 6320 630

U U, —_—rm M
Wet Pomsce FAL
Wel Pomace Used In Aw e
Drying . —

‘\\b‘v /

Dry Pomace O

Drving Dater ! £ Start __AM/PM Finish AMIPM
Drying-Temperitare Ranpgs: deg. Flo deg F. .
2 __Lb Wet Pomace Used- Lt DryPomace=____ Wt Loss (Lbs}
565 Stating Welght - _HT0  Frait Fractions (Whole Fruit Sample Weight + Nei Weight of Juice, Wt
Pomace, and Dry Pomace [if necessary]) = 2.0  Processing Loss (Lbs.).

signanwe:_Goasd & Todewn Dme: 1o /M1 0b
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Interregional Research Project No. 4

ERUIT PROCESS

PR, No. 29754

ACD S Resgarch, Inc

EQ aisin Gra

ACDS Processing No . _AROEYOR

Date: {0 / ls { Ob Sponsor Irial No: 2784 Ola~ AP0

Preprocessing Equipment Cleaning

Other:

"o All equipment cleansd with sodp and waler beforeuse

Page 75

Tregtment Mo, _ 3L , Congol __, Treated _X

Requested Fraction Amounts {Ibs}:
Whole Pruit %

Raiging _ 4 Other

Processing (Deslemming and Drying):

FRACIIONS
Starting Weight
Whole Frult Washed

Whole Fruit Unwashed

Tota] Amount Used
For Drying

Drying: Date/Time Start 10 /4 _/ob_s:40__AMEN,

Weight
{Lbs. )

Sample
Wt. Time Time
Sample 1D fLbs. ) Cooled Frozen
I _ wfilt, 6:30
I 4 SN i
L 25 m[slub 5230

Drying Temperature Range: _ (I deg Fto—_ (Y deg F.
(S0 Ib GrapesUsed - 2,5 1b Raisingw )z, T Wt Loss (Lbs)

245 Starting Weight -__£.0__ Fruil Fractions (Whole Fruil Sample Weight + MNet Weight of Raisins. and
Cthery = [b-5  Processing Loss (Lbs )

Signatore: _Gg.a:si_&_j@

ate/Time Finish IO (& /8 $:1S AM@
0

Date: 10 _t & 10

DP# 356315/MRID No. 47320716
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Primary Evaluator A‘Q sz’// /}d/(/(/(//‘/ Date: 5 June 2009

David Soderberg, Chemist, RABV

Approved by w jﬂx@»\_ﬁ)d ‘ﬂeﬁ'%m—-_________ | Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520717, Arsenovic, M. (2008) Endothall (Hydrothol 191); Magnitude of the Residue on Mint:
Lab Project Number: 79758, 29758.07-CER13 Unpublished study prepared by Interregional
Research Project No. 4. 253 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
mint to endothall through the use of treated irrigation water. In two mint field trials conducted
during 2006 and 2007 in Zones 5 and 11, a 2.0 Ib ae/gal soluble concentrate (SC/L) formulation
of endothall (monoalkylamine salt) was used to freat the irrigation water at a rate of 5 ppm ae.
[In order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to
the mint during vegetative development as six broadcast foliar applications using overhead
sprinklers, at retreatment intervals (RTIs) of 6-7 days. A volume equivalent to ~1 acre inch of
water (27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rates for endothall were equivalent to
1.11-1.13 Ib ae/A/application, for a total of 6.64-6.77 1b ae/A/season.

Single control and duplicate treated samples of mint tops were harvested from each test on the
day of the final application (0 days after treatment, DAT), and samples were stored at <-18°C for
up to 336 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on mint tops were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQO4. The derivatized residues
were cleaned up by partitioning into methyi t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents, The
validated limit of quantitation (L.OQ) for endothall in/on mint is 0.05 ppm.

DP#356315/MRID No. 47520717 Page 1 of §
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.74-6.77 1b ae/A/season), endothall residues were 1.31-2.89 ppm infon four samples of mint
harvested at 0 DAT. Average endothall residues were 2.14 ppm, and the highest average field
trial (HAFT) residues were 2.80 ppm. No residue decline data was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the mint field trial residue data are
classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent applications. The
acceptability of this study for regulatory purposes is addressed 1n the forthcoming U.S. EPA
Residue Chemistry Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requireéments were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and amine
(PC Code 038905) salts are registered primarily as aquatic herbicides for the control a variety of
plants in water bodies, including irrigation canals. They are also registered for desiccation/
defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for
reduction of sucker branch growth in hops. Permanent tolerances are established for the
combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, fish,
dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of mint with endothall-treated water. The
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table
A.l. The physicochemical properties of technical grade endothall and its monoalkylamine salt
are listed in Table A.2.

DP# 35631 /MRID No. 47520717 Page 2 of 8
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Table A.1. Nomenclature of Endothail and its Monoalkylamine Salt.

Chemical Structure Is}

QH

OH

8]
Comraon name Endothall
Molecular Formula CeH 1105
Molecular Weight 186.16
1UPAC name 7-oxabicyclof2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2.1thepiane-2,3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Feed Site Cotton, hops, potato, alfaliz grown for seed
Registration
Chemical Structure 0
- HC
0 N,
N—CH, (n)CH
OH y L(mCH,
H,C
's) (n=7-17

Common name Endethall, mono-N,N-dimnethylalkyl amine salt
Melecular Formula Nol available
Molecular Weight Average: 422
1UPAC name 7-oxabicyelo[2.2.1Theptane-2,3-dicarboxylic acid, compound with N, N-dimethyjcocoamine
CAS namc Not available
CAS # 66330-88-9
PC Codc (38905
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses
Registration

Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt,

Parameter ~Tvalue | Reference

Endothal] (acid)

Melting point 108-110C D187593, D18759¢, and D187588,
5/5/93, K. Dockter

pH 2.7 at 25°C (1% solution) D187593, D187590, and 1187588,

575193, K. Dockler

Density, bulk density, or specific
gravity

187593, 1187590, and D187588,

0.481 g/em’ (bulk) at 25C
5/5/93, K. Dockter

Water solubility at 25C

166798, 7/2/92, K. Dockter

109.8 g/L
D20701 1, 9/30/94, F. Toghrol

13.1 g/100 mL in water, pH 5
12,7 ¢/100 mL. in water, pH 7
12,5 g/100 mi in water, pH 9

Selvent solubility at 25T

3.4 /100 mL in acetonitrile D20701t, 8/30/94, F. Toghrol
2.4 g/100 mL in n-octanol

16.0 g/100 mL, in tetrahydrofuran

Vapor pressure

0166798, 7/2/92, K. Dockter

3.92 x 10" mm Hg at 24.3°C

DP# 3563 15/MRID No, 47520717
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Table A.2. Physicachemical Progerties of Endothall and Its Monoalkylamine Salt.

Parameter Value Reference

Dissociation comstant, pK, 4,32 for Step 1 and 6.22 for Step 2at 20T (0.2% | D188708, 5/3/93, K. Dockter
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° pmho within 3-5 minutes at 525,
by conductivity meter

Qctanol/water partition coefficient | Not applicable to endothall acid 166798, 7/2/92, K. Dockter

UV /visible absorption spectrum Not available

Endothall, mona-N,N-dimethylalkyl amine salt

Boiling point Not available

pH 5.2 at 25T (1% solution) D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific 1.028 g/mL at 25°C £3187593, D187590, and 1187588,

gravity 3/5/93, K. Dockter

Water solubility at 25 >4%2 g/100mL in water, pH 35 2210814, 8/9/95, S. Knizner

>51.6 g/100 mL in water, pH 7
>49.8 /100 mL in water, pH 9

Solvent solubility at 25T >102.5 g/100mL in acetonitrile D210814, 8/9/95, 8. Knizner
>95.4 g/100 mL in n-octancl
>104.3 g/100 mL in tetrahydrofiran

Vapor pressure 2.09 % 10°° mm He at 25 (calculated; mixed 0206344, 9/22/94, F. Toghrol
mono- and dialkylamine (C8-C20})
Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20C for D198885, 4/7/94, F. Toghrol

mixed mono- and dialkylamine (C8-C20} in
acidified ethanol/water; dissociation complete
£117 minutes (1.7 x 10° pmho} a1 25

Octanol/water partition coefficient | Kow 2.097 at concentrations of 8.9 x 10° Mand | D209995, 1/20/95, .. Edwards
8.9 x 10 M, at 25°C

UV /visible absorption spectrum Not available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two mint field trials were conducted in Zones 5 and 11 during 2006 and 2007 (Table B.1.1).
The irrigation water used in each test was treated with endothall (2.0 1b ae/gal SC
monoalkylamine salt) at a concentration of ~3 ppm, acid equivalent. The treated water was
applied to the mint during vegetative development as six broadcast foliar applications using

overhead sprinklers, at RT{s of 6-7 days. A volume equivalent to ~1 acre inch of water (~27,154

gal/A) was applied for each application. Based on the concentration of the endothall and the
amount of water applied, application rates for endothall were equivalent to 1.11-1.13 Ib
ae/A/application, for a total of 6.64-6.77 1b ae/A/season (Table B.1.3). These applications are
expected o be conservative relative to actual applications.

TABLE B.1.1. Trial Site Conditions.

. - o T
Trial 1dentification {City, State; Year) Soil characteristics

‘Type %0OM pH CEC {meq/100g)

Ephrata, WA 2006
WAS09 Loamy Sand 1.0 7.4 124
Elkhorn, W1 2007
WIs39 Muck >70% NR WR

These parameters are optional except in cases where their value affects the use pattern for the chemical.
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TABLE B.1.2. Water Charactertzation.

. Water characteristics
Study site - - - -

Type Hardness/Salinity pH Turbidity Dissolved OM

Ephrata, WA 2006
WAS0S Well NR NR NR NR
Elkhorn, WI 2007
WIS39 Well NR NR. NR NR

NR = Neot reported,

The actual temperature recordings and rainfall were typical for each site and no unusval weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).
TABLE B.1.3. Study Use Pattern.
Location End.Use Application Information —
(City, State; Year) p Volume ingle rT1Y |1 4
roduct . T 1 olum; otal Rate
Trial ID Method; Timing Concen. 2 Rate
{(gal/A} (b ac/A) (days) | (Ibae/A)
Ephrata, WA Six broadcast foliar
2006 2.0 Ib/gal | application during vegetative
WAS09 SC | development using overhead | +°7->00 | 26715 L1l 7 6.64
sprinklers.
Elkhorn, WI 2007 Six broadcast foliar
WI1s39 2.0 1b/gal | application during vegetative
8C development using overhead 27,148 3.00 113 67 6.77
sprinklers.

2 The target itrigation rate was | acre inch of water or 27,154 gal/A.

¥ The equivalent ficld use rates were caleulated by the reviewer based on the concentration of the endothall (ae), the application
volume and plot size.

4 RTI = Retreatment Interval.

The concentration of endothall {in acid equivalents) in the irfigation water. No adjuvants were included in the irrigation water,

DP# 356315/MRID No. 47520717
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TABLE B.1.3.  Trial Numbers and Geographical Locations.

NAFTA Mint

Growing -
Zones* Submitted Requested
Canada U.S.

Wl |-t | A et ]—
1
H
[t ]

—
=
X
%
L]
]
1

—]
¥
i

()

12 .- - -
13 -- - -

Total 2 . <
Based an EPA OPPTS Guideline 860.1500.
2 Zones 1A, 5 A and B, 7A and 14-21 were not included as the propesed use is for the U.S, only.

B.2, Sample Handling and Preparation

Duplicate control and treated samples (>4 lbs/sample) of mint tops were harvested at 0 DAT
(after the sixth application) and placed in frozen storage at the test facilities within 45 minutes.
Samples were stored frozen at the field sites for 15-34 days prior to shipment by ACDS Freezer
truck to the analytical Iaboratory, Cerexagri, Inc. (King of Prussia, PA), where samples were
store at <-18°C until analysis.

B.3. Analytical Methodology

Residues of endothall {(free acid) infon mint tops were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (I:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4}. Residues were analyzed by
LC/MS/MS using external standards. The m/z 397—166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
infon mint is 0.05 ppm. An LOD of 0.0001 ppm was reported; however, this value was the
instrument LOD, rather than the L.OD of residue in a control matrix.

DP# 356315/MRID No. 47520717 Page 6 of 8

2124



Fwll Endothall/038901/Interregional Research Project No, 4
E'@“‘E DACQ 6.4, 7.4,7.8/QPPTS 860.1400/0ECD II1IA 8.4.3 and 111A 8.3
Water, Fish, and Irrigated Crops - Irrigaled Mint

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of mint were fortified with endothall at 0.05-5.0 ppm for method
validation and at 0.05-4.0 ppm for concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on mint was adequately
validated prior to and in conjunction with the analysis of field trial samples. Method validation
recovery averaged 78% with a standard deviation of 8%, and concurrent recoveries averaged
79% with a standard deviation of 6% (Table C.1). Apparent residues of endothall were <L.OQ
infon control samples. Adequate sample calculations and example chromatograms were
provided and the fortification levels used for method recoveries were similar in magnitude to the
measured residue levels.

Mint top samples were stored frozen at <-18°C for up to 336 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen lettuce
for up to 469 days (47520719.der, under review). The stability data for lettuce will support the
storage durations and conditions for the current mint field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.64-6.77 1b ae/A/season), endothall residues were 1.31-2.89 ppm in/on four mint samples
harvested at 0 DAT (Table C.3). Average endothall residues were 2.14 ppm, and the HAFT
residues were 2.80 ppm (Table C.4). No residue decline data was provided.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study did not have a notable impact on the
residue data. Phytotoxicity was noted at the WA test site. At this site, the treated plot showed
reduced development and regrowth, resulting in a stunted less vigorous crop. Although the
apparent phytotoxicity resulted in less biomass, adequate sample material was available for
representative duplicate treated samples.

TABLE C.1. Semmary of Method Validation and Concurrent Recoveries of Endolhall from Mint.
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
(ppm) (03 (%0} (%6}
Method Validation
0.05 3 74,72, 71 7242
0.5 3 72,72, 74 7342
Tops 5.0 3 85, 90, 90 883
Total 9 71-94) nEL]
Concurrent Recoveries
0.08 2 85,78 82
2 1 72 72
Tops 4 1 82 82
Total 4 72-85 796
Standard devialions are calculaled for data sets having >3 values.
DP# 35631 5/MRID No. 47520717 Page 7 of 8

218,15



BeB  Endothali/038901/Interregional Rescarch Project No. 4
@(”s DACO 6.4, 7.4, 7.8/QPPTS 860.1400/0ECD IIIA 8.4.3 and TTIA 8.3
Water, Fish, and Irrigated Crops - lrrigated Mint

TABLE C.2. _ Summary of Storage Conditions. ]
Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated

(°C) . (days)' Storage Stability (days)?
Min1 tops =18 22-336 469

Interval from harvest to extraction for analysis. Samples were extracted the day of analysis,
? Endothall is stable in frozen lenuce for up to 469 days (47520719.der under review).

TABLE C.3. Residue Data from Mint Field Trials with Endothall Monoalkylamine Salt (SC/L).

-(r(riii?)l’,[gtatc; Year) Zone | Crop/Variety Matrix p:;tal RT:)Z;A ((l;‘;fs) Residues (ppm} **
Era505 A s 1l Mﬁftg:i{)is Tops 50 | 664 0 2.89 270
orpor, W1 2007 5 | M ';‘"3" Tops 50 | 67 0 167 131

The rate is expressed both in terms of the concentration in the irripation water (ppim) and the total amount (1b ac/A) applied.
2 Expressed in acid equivalents, The LOQ is 0.05 ppm.
3 The two results for each field trial represent two samples taken from a single plot, not two plots.

TABLE C.4. Summary of Residue Data from Mint Field Trials with Endothall Menoamine Salt (SC/L).

. \ 2
Commodity | 0%l Applic. | PHI N (p?i{n)d' M
Rate ! (days . 3 edian ean
¥s) | n Min. Max. HAFT (STMAR) | (STMR) $td. Dev.
. 5 ppm
Mint (6.64-6.77) 0 2 .49 2.80 2.80 2.14 2.14 0.923

The value in parentheses is the Iotal application rate in terms of [b ae/A.
* Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm.
3 HAFT = Highest Average Field Trial.

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of mint. The data support the use of endothall in irrigation water at a concentration of
5 ppm ae, with no more that six applications per season and a minimum 7-day interval between
applications to the water. Residues on the mint were determined at a 0-day PHL

E. REFERENCES
None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009),
Petition Number: 8E7419

DP#: 356315

PC Code: 038901 and 038905

Template Version June 2005

DP# 336315/MRID No. 47520717 Page 8 of §

199/



%wf Endothall/038901/Interregional Research Project No. 4
mﬁf@\*ﬁ DACO 6.4, 7.4, 7.8/0OPPTS 860.1400/QFECD 111A 8.4.3 and IT1A 8.3
| Water, Fish, and Irrigated Crops — Mint processing study

Primary Evaluator 4} Mu':/ C/ /é \M‘m 4 Date: 5 June 2009

David Soderbcrgé}:(;hemist, RABV,HED

Approved by (/L} lM

William Donovan, Senior Scientist, RABV,
HED

. Date: 5 June 2009

This DER was originally prepared ander contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713, submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520717. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Mint;
Lab Project Number: 29758, Z9758.07-CERI13 Unpublished study prepared by Interregional
Research Project No. 4. 253 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a mint processing study reflecting the
exposure of mint to endothall through the use of treated irrigation water. In a field trial
conducted in WA (Zone [1) during 20086, a 2.0 Ib ae/gal soluble concentrate (SC/L) formulation
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae.
[In order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to mint as six broadcast foliar applications during vegetative
development at retreatment intervals (RTIs) of 7 days. A volume equivalent to | acre inch of
water (~27,154 gal/A) was applied for each application. Based on the concentration of the
endothall in the irrigation water and the amount of water applied, the application rate for
endothall was equivalent to 1.11 Ib ae/A/application, for a total of 6.64 Ib ae/A/season.

Single bulk control and treated samples of mint tops were harvested at normal crop maturity,
immediately following the last irrigation (0 days after treatment, DAT). The tops were processed
into oil using simulated commercial procedures, Samples of tops and oil were stored at <-17°C
for up to 366 and 241 days, respectively, prior to analysis. The sample storage intervals and
conditions are supported by the available storage stability data.

Residues of endothall (free acid) in/on mint tops and oil were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). Residues in tops were extracted with water and
then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H;PO4. Oil samples were
diluted with water and partitioned against hexane, and the aqueous soluble residues were then
derivatized with HFTH. The derivatized residues from each matrix were then cleaned up by
partitioning into methyl t-butyl ether (MTBE) followed by elution through an amine solid phase
extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using external standards

DP4 356315/MRID No. 47520717 Page | of 9 /[
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for quantitation. The validated limit of quantitation (LOQ) for endothall is 0.05 ppm in each
mint matrix, and the estimated limit of detection (LOD) was reported to be 0.0001 ppm.

Following six overhead sprinkler applications of endothall {monoalkylamine salt) to mint at rates
totaling 6.64 1b ae/A, residues were 3.96 ppm in mint tops (RAC) and nondetectable {<0.0001
ppm) in mint oil, indicating that the processing factor of endothall in mint oil is <0.001x.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the mint processing residue data are
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE.:

Signed and dated Good Laboratory Practice {(GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid}] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall {PC Code 038901} and its dipotassium {PC Code 038904) and
atkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR
§180.293(2)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of mint with endothall-treated water. The
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table
A.1. The physicochemical properties of technical grade endothall and its monoalkylamine salt
are listed in Table A.2.

DP# 356315/MRID No. 47520717 Page 2 of 9
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Table A.1. Nomenclature of Endolhiall and its Monoalkviamine Salt.

Chemical Structure 0

OH

OH

0
Common name Endothall
Molecular Formula CgH;oDs
Molecular Weight 186,16
TUPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxebicyclo]2.2. 1Theptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Cotton, hops, potate, alfalfa grown for seed
Registration
Chemical Struciure O
S <
© \N+ CH,(n)CH
e nC
OH / 2 3
H,C
O (n=7-11

Common name Endothall, mono-N,N-dimethylalkyl amine salt
Molecular Formula Not available
Molecular Weight Average: 422
IUPAC name 7-oxabicyclo[2.2, 1]heptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available
CAS # 66330-88-9
PC Code 038505
Current Food/Feed Site Cotton, hops, potato, alfaifa grown for seed, aguatic uses
Registration

Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt.

Parameter f Value | Reference

Endothall (acid)

Melting point 108-1107TC D187593, D187590, and D187588,
5/5/93, K. Dockter

pH 2.7 at 25T {1% solution) D187593, D187590, and 3187588,

3/5/93, K. Dockter

Density, bulk densiy, or specific
gravity

D187593, D187590, and D187588,

0.481 giem’® (bulk) at 25T
5/5/93, K. Dockter

Water solubility at 25T

D166798, 7/2/92, K. Dockier
D207011, 9/30/94, F, Toghrol

109.8 g/L

13.1 g/100 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 g/106 mL n water, pH 9

Solvent solubility at 25C

3.4 /100 ml. in acetonitrile D207011, $/30/94, F. Toghrol
2.4 g/100 mL in n-ectanol

16.0 /100 mL in tetrahydrofuran

Vapor pressure

3.92 x 10° mm He at 24.3C D166798. 7/2/92, K. Dockter

DP# 35631 3/MRID No. 47520717
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TFable A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt,

Parameter

Value

Reference

Dissociation constant, pK,

4.32 for Step 1 and 6,22 for Step 2 at 20°C (0.2%
solution in 20% basic ethanol); dissociation rate

1.8-2.3 x 10% pumtho within 3-5 minutes at 0257,

by conductivity meter

D188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethyl

alky! amine salt

Boiling point

Mot availablc

pH

5.2 at 25 C (19 solution)

D187593, D187590, and D187588.
575193, K.. Dockter

Density, bulk density, or specific
gravity

1028 g/mL. at 25°C

D187593, D187590, and D187588,
51593, K. Dockter

Water solubility at 25T

49,2 g/100mL in water, pH 3
Z31.6 g/100 mL in water, pH 7
249.8 3/100 mL in waler, pH 9

D210814, 8/9/95, S. Knizner

Solvent solubility at 25

>102.5 g/100mkL in acetonitrile
>95.4 /100 mL in n-octanol
>104.3 g/100 mL in tetrahydrofuran

1210814, 8/9/95, 5. Knizner

Vapor pressure

2.09 x 107 mm Hg at 25 ¥ (calculated; mixed
mono- and dialkylamine (C8-C20))

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 20 for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/waie; dissociation complete
017 minutes (1.7 % 10 pmho) at 25T

D1988835, 4/7/94, F. Toghral

Octanolfwater partition coefficient

Kow 2.097 at concentrations of 8.9 x 10" M and

8o x10°M, at 25T

0209995, 1/20/95, L. Edwards

UV/visible absorption spectrum

Not availablc

B. EXPERIMENTAL DESIGN

B.1.

Application and Crop Information

In a field trial conducted in WA (Zone 11} during 2006, mint was irrigated with endothall-treated

water using overhead sprinklers (Table B.1.1). The irrigation water was treated with endothall

(2.0 1b ae/gal SC/L. monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The
mint field was irrigated six times during vegetative development at RTIs of 7 days. A volume

equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the

concentration of the endothall and the amount of water applied, application rate for endothall
was equivalent to 1.11 1b ae/A/application, for a total of 6.64 Ib ae/A/season.

DP# 5563 15/MRID No. 47520717
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TABLE B.1.1. Study Use Pattern.
E,Ceict:;tig?atc' ver) End-Use Appllca\t;();: lnformatlson — —

1y, : Product e | olume ingle Rate Total Rate
Trial 1D Method; Timing Concen- ™ | ayay? | (bae/A)’ | (days) | (bac/A)
Ephrata, WA 2006 Six broadeast foliar
WAS09 2.0 Ib/gal | application during

sC vegetative devclopment 4.7-5.00 26,715 L1 7 6.64
using overhead sprinklers.

" The concentrate of endothall {in acid equivalents) in the irvigation water. No adjuvants were included in the irrigation water,
 The target irrigation rate was | acre inch of water or 27,154 gal/A.
3 The equivalent feld use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot size.
* RTI = Retreatment Interval.

B.2. Sample Handling and Processing Proeedures

Single bulk control and treated samples of mint tops (=134 lbs/sample) were harvested at 0 DAT,
and were delivered fresh on the day after harvest by field personnel to the processing facility,
Englar Food Laboratories, Inc. (Caldwell, ID). The samples were placed in cool storage 4 & 3°C
prior to processing, which was completed within 4 days of harvest.

The mint tops samples were processed according to simulated commercial procedures into mint
oil (Figure B.1). The mint was placed in a modified steam retort and steam was injected through
the bed for 1-2 hours. The condensate was collected and a layer of mint oil formed on the top of
the condensate. The mint oil was condensed and separated from the water. Samples were placed
in frozen storage -17°C immediately after processing. Samples were shipped frozen
approximately | month after the completion of processing to the analytical laboratory, United
Phosphorous, Inc., (King of Prussia, PA) via ACDS freezer truck. At the analytical laboratory,
the samples were stored frozen (<-18°C) prior to analysis.

DP# 3563 15/MRID No. 47520717
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FIGURE B.1. Processing Flowchart for Mint.
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B.3. Analytical Methodology

Residues of the free acid of endothall in/on mint tops and oil were determined using a
LC/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for Determination of
Endothall in Crops”, issued 5/4/2007.

For this method, residues in/on mint tops were extracted twice by homogenization with water
followed by centrifugation and filtering. The oil samples are mixed with water and then
partitioned 3x with hexane, discarding the hexane phases. Residue in the resulting water
fractions from both matrices were then derivatized with HFTH in 50% H;POQ4 at 100-120°C for
50 minutes. After cooling, the derivatized residues were partitioned into MTBE, evaporated to
dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned using an
amine SPE cartridge cluted with methanol:MTBE (1:4). Residues were analyzed by LC/MS/MS
using external standards. The m/z 397--166 ion transition was used for quantifying residues,
and residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05 ppm in
mint tops and oil, and the estimated LOD is 0.0001 ppm.

For method validation, control samples of mint tops and oil were fortified with endothall at 0.05-
5.0 ppm. For concurrent recoveries, control sample were fortified with endothall at 0.05-4 0
ppm for mint tops and at 0.05 and 1.0 ppm for mint oil.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on mint tops and oil was
adequately validated prior to and in conjunction with the analysis of field trial samples. Method
validation recoveries averaged 78% with a standard deviation of 8% for mint tops and 74% with
a standard deviation of 3% for mint oil (Table C.1). Concurrent recoveries averaged 79% with a
standard deviation of 6% for mint tops and 83% (n=2) for mint oil. Apparent residues of
endothall were <LOQ in/on control samples. Adequate sample calculations and example
chromatograms were provided and the fortification levels used for method recoveries were
similar in magnitude to the measured residue levels.

Samples of mint tops and oil were stored frozen at <-17°C for up to 336 days prior to analysis,
and mint oil samples were stored up to 241 days (Table C.2). Adequate storage stability data are
available indicating that endothall is stable under frozen storage conditions for up to 469 days in
lettuce and for up to 306 days in soybean oil (47520719.der, under review). These stability data
will support the storage durations and conditions for the mint processing study.

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to mint at rates
totaling 6.64 1b ae/A, residues in mint tops (RAC) were 3.96 ppm (Table C.3). Residues in oil
were NI (<0.0001 ppm), resuiting a processing factor of <0.001x.

DP# 356315/MRID No. 47520717 Page 7of 9
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TABLE C.1. Summary of Method Vajidation and Concurrent Recoveries of Endothall from Mint.
Matrix Spike Level Sample Size Recoveries Mean # Std. Dev.
{ppm) (n) (%) (%)
Method Yalidation
0.05 3 74, 72,71 T2E2
05 3 72,7274 732
Tops
5.0 3 85, 90, 90 883
Tatal 9 71-90 78+8
0.05 3 70, 70, 72 M1
Mint oif 0.5 3 76, 74,74 75+1]
5.0 3 80, 78,75 783
Total 9 79-80 74+ 3
Concurrent Recoveries
0.05 2 85,78 82
20 l 72 72
Tops
4.0 l 82 82
Total 4 72-85 EER ]
Mint Oif 9.05 1 7 83
1.0 i 87

' Standard deviations are calcuiated for data sets having =3 values.

TABLE C.2.  Summary of Storage Conditions.

Matrix Storage Temperature Actval Storage Duration Interval of Demonstrated
°C) {days)’ Storage Stability (days)®

Tops <17 22-336 467

Oit 241 306

Interval from harvest to extraction for analysis. Samples were extracted up to 4 days prior to analysis.

Z Endotha! is stable under frozen storage conditions for up to 469 days in lettuce and 306 days in soybean oil (47520719.der

under review}.

TABLE C.3. Residue Data from Mint Processing Study with Endothall,
RAC Processed Commodity Total Rate ! PHi Residues Processing
ppm ib ac/A (days) (ppm) ? Facior
Mint Tops (RAC) 5.0 6.64 0 3.96 --
Ol ND <0.001x

The rate is expressed both in terms of the concentration in the irrigation water {(ppm) and the total amount (Ib ae/A) applied.
* Expressed in acid equivaients. The LOQ is 0.05 ppm and the estimated LOD is 0.0001 ppm,
ND = not detected.

Page 8 of 9
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D. CONCILUSION

The mint processing study is adeguate. Endothall residues are reduced in mint oil (<0.001x).

E, REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009).
Petition Number: 8E7419

DP#: 356315

PC Code: 038901 and 038905

Template Version June 2005
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Primary Evaluator ﬁf ppﬁ//r é / L@"«“I Date: 5 June 2009

David Soderberg, Chemist, RA@‘V, HED

Approved by ) A\/E,Qu;._ Jﬂ . hww-\___._m Date: 5 June 2009
William Donovan, Senior Scientist, RABV,

HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713, submitted 3/30/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP} policies.

STUDY REPORT:

47520718. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Rice:
Lab Project Number: Z9761. Unpublished study prepared by Interregional Research Project No.
4. 323 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
rice to endothall through the use of treated irrigation water. In four rice field trials conducted
during 2007 in Zones 4, 6 and 10, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at arate of 5 ppm ae. {In
order to avoid the complications of different molecular weights for different salts, endothali
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to
the tice during grain development and maturation as six broadcast foliar applications using
overhead sprinklers, at retreatment intervals (RTIs) of 6-8 days. A volume eguivalentto ~1 acre
inch of water (27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water apphied, the application rates for endothall were equivalent to
1.13 1b ae/A/application, for a total of 6.75-6.77 1b ae/A/season.

Single control and duplicate treated samples of rice grain and straw were harvested from each
test on the day of the final application or one day later (0-1 DAT), and samples were stored at
<-10°C for up to 99 days prior to analysis. Adequate storage stability data are available to
support the duration and conditions of sample storage.

Residues of endothall (free acid) in/on rice grain and straw were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQy. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall
acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on rice grain and
straw is 0.05 ppm.

DP#356315/MRID No. 47520718 Page | of 9
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.75-6,77 1b ae/A/season), endothall residues were 0.69-1.22 ppm infon four samples of rice
grain and 0.94-2.61 ppm in/on four samples of rice straw harvested at 0-1 DAT. Average
endothall residues were 1,01 ppm for grain and 1.90 ppm for straw, and the highest average field
trial (HAFT) residues were [.18 ppm for grain and 2.60 ppm for straw. No residue decline data
was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the rice field trial residue data are
classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent applications. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038%04) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm infon rice grain and straw [40 CFR
§180.293(a)(1)1.

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of rice with endothall-treated water. The
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table
A.l, The physicochemical properties of technical grade endothall and its monoalkylamine salt
are listed in Table A.2.

DP# 356315/MRID No. 47520718 Page 2 of &
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Salt.
Chemical Structure O
OH
OH
0
Cowtmon 1ame Endothall
Molecular Formula CsH; 005
Meolecular Weight 186.16
TUPAC name 7-oxabicyclo[2.2. | Theplane-2,3-dicarboxylic acid
CAS name 7-oxabicycloj2.2. 1theptane-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038901
Current Food/Feed Site Cotion, hops, potato, alfalfa grown for seed
Registration
Chemical Siructure 0
- HZC
0 N,
N—CH, (n)CH
OH / ik 3
H,C
0 (n=7-17
Common name Endothall, mono-N,N-dimethylalkyl amine salt
Molecular Formula Not available
Molecular Weight Average: 422
TUPAC name 7-oxabicyclo[2.2, ] Jheptane-2,3-dicarboxylic acid, compound with N, N-dimethylcocoamine
CAS name Not available
CAS # 66330-88-9
PC Code 038905
Current Food/Feed Site Cotion, hops, potato, alfalfa grown for seed, aquatic uses
} Registration

DP# 3563 15/MRID No. 47520718 Page 3 of 9
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkviamine Sait.

Parameter | Valug [Reference
Endothall (acld}
Melting point 108-110C D187593, DI187590, and D187588,

5/5/93, K. Dockter

pH

2.7 at 257 (1% solution)

D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 g/om’® (bulk) at 25

D187593, DI87590, and DI187388,
5/5/93, K. Dockter

Water solubility at 25T

109.8 g/

13.! g/100 mL in water, pH 5
12.7 g/ 100 mL in water, pH 7
12.5 g/100 mi, in water, pH 9

D166798, 7/2/92, K. Dockter
D207011, 9/30/94, F. Teghrol

Solvent solubility at 25°C

3.4 g/100 mlL. in acetonitrile
2.4 g/100 mL in n-octanol
16.0 g/100 mL in tetrahydrofuran

D207011, 9/30/94, F. Toghio!

Vapor pressure

3.92 x 10° mm Hg at 24.3°C

D166798, 7/2/92, K. Dockter

Dissociation constant, pX,

4,32 for Step 1 and 6,22 for Step 2 a1 207C (0.2%
solution in 20% basic cthanol); dissociation ratc
1.8-2.3 x 10° pmho within 3-5 minutes at 025,
by conductivity meter

DI88708, 5/3/93, K. Dockter

QctanolAwaler partition cocificient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockier

UV/visible absorption spectrum

Not available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point

Not available

pH

5.2 a1 257 (1% solution)

187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mL at 25°C

D187593, D187590, and DI87388,
5/5/93, K.. Dockter

Water solubility at 257

249.2 g/100mL in water, pH 5
>31.6 g/100 mL in water, pH 7
249.8 g/100 mL in water, pH 9

D210814, 8/9/95, 8. Knizner

Solvent solubility at 25

>102.5 g/100mL in acetonitiile
95,4 g/100 mL in n-octanol
2104.3 g/100 mi. in tetrahydrofinan

[210814, 8/9/85, 5. Knizner

Vapor pressure

2,09 x 10”° mm Hg at 25 (calculated; mixed
mono- and dialkylamine (C8-C20)}

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4,24 for Step 1 and 6.07 for Step 2 a1 20C for
mixed mouto- and dialkylamine (C8-C20} in
acidified cthanol/water; dissociation complcic
(117 minutes {1.7 x 10° pmho) at 25°C

1198885, 4/7/94, F. Toghiol

Qctanol/water partition coefficient

Kow 2.097 at concentiations of 8.9 x 10° M and
89x 10° M, at25C

0209995, 17204935, 1.. Edwards

UV/visible absorption spcetrum

Not available

B. EXPERIMENTAL DESIGN

B.1.

Study Site Information

Four rice field trials were conducted in Zones 4, 6 and 10 during 2007 (Table B.1.1). The
irrigation water used in each test was treated with endothall (2.0 1b ae/gal SC monoalkylamine
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the rice
during grain development and maturation as six broadeast foliar applications using overhead
sprinklers, at RTIs of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,154 gal/A)

DP#356315/MRID No. 47520718
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was applied for each application. Based on the concentration of the endothall and the amount of
water applied, application rates for endothall were equivalent to 1.13 1b ae/A/application, for a
total of 6.75-6.77 b ae/A/season (Table B.1.3). These applications are expected to be
conservative relative to actual applications

TABLE B.1.1. Trial Site Conditions.

Trial Identification (City, State; Year) Soil characteristics

Type OM pH CEC (meq/1 OD_g_)_l
?;S;ie’““d* TX 2007 Sandy Clay Loam 0.3 6.1 6.4
Ej‘;‘;"g“’ ille, LA 2007 Sandy Clay Loam 0.8 8.1 14.3
m’gg”’ AR 2007 Loam 13 6.5 59
gffsg;’,?CA 2007 Clay Loam 24 5.4 24.5

These paramelers are optional except in cases where their value affects the use pattern for the chemical.

TABLE B.1.2. Water Characterization.

. Water characteristics
Study site — — -
Type Hardness/Salinity pH Turbidity Dissolved OM
East Bernard, TX 2007
' 1
TX$24 Welt NR NR NR NR
Cheneyville, LA 2087
LAG2S . Well NR NR NR NR
Newport, AR 2007 .
ARS$26 City water NR NR NR . NR
Biggs, CA 2007
CAS2 Well NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.12).

DP# 356315/MRID No. 47520718 Page 5 of 9
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TABLE B.1.3. Study Use Pattern.
?g;f;tlg?m- vean) End-Use Applicati \c}m llnformatlonI - T
s : Product S i olume | Single Rate | RTI otal Rate
Trial 1D Method; Timing | Concen. ™ | ooy b ac/a)? | (days) | (b ae/A) 3
East Berpard, TX Six broadcast foliar
2007 applicafion from
TX$24 20 10 2clgel | heading through grain | 4.98-5.00 | 57046 | 113 67 | 67
maturation using '
overhead sprinklers.
Cheneyville, LA 2007 Six broadcast foliar
LAS25 application from
200 80/8al | neading through grain | 4985.00 1 27,151 | 113 6-7 6.77
maturaiion using
overhead sprinklers,
Newport, AR 2007 Six broadcast foliar
ARS26 application from early
2.0 Ib ac/gel flowering through grain 5.0 27,135- 1.13 7-8 6.76
SC/L R X 27,163
maturaijon using
overhead sprinklers.
Biggs, CA 2007 Six broadcast foliar
CAS27 application from milk
20 ;%?Efga] grain stage through 3.0 27,149 1.13 6-8 6.76
grain maturation using
overhead sprinklers,

2

The concentration of endothall {in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.

The target irrigation rate was 1 acre inch of water or 27,134 gal/A.
The cquivalent ficld usc rates were calculated by the reviewer based on the concentration of the endothatl (ae), the application

volume and plot size.

RTI = Retreatment Interval,

TABLE B.1.4.

Trial Numbers and Geographical Locations.

NAFTA Growing Rice
Zones ' Submitled Requested

Canada U.S.
I o - -
2 - - -
3 . _ .
4 2 - !
s - - 1
6 1 - 2
’? - - -
8 - - -
5 = - -
10 1 - Z
11 - - -
12 - -- -
3 - - -
Total 4 - 12

Zones 1A, 5A and B, 7A and 14-20 were not included as the use is for U.S only.

DP# 35631 5/MRID Ne. 47520718
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B.2. Sample Handling and Preparation

Sarmples of rice grain and straw were harvested at 0 or 1 DAT. Duplicate control and treated
samples (1.0 lbs/sample straw and >2.0 1b/sample grain)} were collected from each test and
placed in frozen storage at each test facility within 6.5 hours. Samples were stored frozen at the
field sites for 3-22 days. Samples were then shipped by ACDS freezer truck to the analytical
laboratory, ALS Laboratory Group (Edmonton, AB, Canada), and stored frozen (<-10EC) prior
to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on rice grain and straw were determined using a LC/MS/MS
method (Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in
Crops®, issued 5/4/2007.

For this method, residues were extracted three times by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3POQy4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by L.C/MS/MS
using externai standards. The m/z 397166 ion transition was used for quantifying residues.
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on
grain and straw is 0.05 ppm. An LOD of 0.000025 ppm was reported; however, this value was
the instrument LOD, rather than the 1.OD of residues in a control matrix.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of grain and straw were fomﬁcd with endothall at 0.05-5.0 ppm for
both method validation and concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on rice was adequately
validated prior to and in conjunction with the analysis of field trial samples. The average method
validation recoveries (£SD) were 80 % 8% for rice grain and 95 + 12% for rice straw (Table C.1).
Average concurrent recoveries (£SD) were 81 & 7% for grain and 77 + 8% for straw. Apparent
residues of endothall were <LOQ in/on control samples. Adequate sample calculations and
example chromatograms were provided, and the fortification levels used for the method
recoveries were similar in magnitude to the measured residue levels.

Samples of rice grain and straw were stored at <-10°C for up to 99 days prior to analysis (Table
C.2). Adequate storage stability data are available indicating that endothall is stable under frozen
storage conditions for up to 306-469 days in lettuce, tomatoes, sugar beet roots, corn grain, and
soybean seed and oil. As these data indicate that endothall is stable on diverse plant matrices
during frozen storage, these data will support the storage durations and conditions for the current
rice field trials.

DP# 356315/MRID No. 47520718 Page 7 of 9
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Following six overhead sprinkier applications with itrigation water containing endothall at 5 ppm
(6.75-6.77 1b ae/A/season), endothall residues were 0.69-1.22 ppm infon four samples of rice
grain and 0.94-2.61 ppm in/on four samples of rice siraw harvested at 0-1 DAT (Table C.3),
Average endothall residues were 1.01 ppm for grain and 1.90 ppm for straw (Table C.4). The
HAFT residues were 1.18 ppm for grain and 2.60 ppm for straw. No residue decline data was
provided.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study did not have a notable impact on the
residue data. No phytotoxicity was noted at any of the test sites.

TABLE C.1, Summary of Method Validation and Concurrent Recoveries of Endothall from Rice.
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
(ppm) (n) (%} (%)
Method Validation
0.05 3 93, 88, 88 90+ 3
Grain 0.5 3 76, 77,75 76+ 1
5.0 3 74,75,71 Ti+2
Total 9 71-93 86+8
0.05 3 81,74, 83 795
Straw 0.5 3 97, 103, 109 103+6
5.0 3 96, 102, 106 iolx5
Total 9 74-109 95+ 12
Concurrent Recoveries
0.05 2 87, 85 86
Grain 0.5 | 70 70
5.0 1 80 80
Total 4 70-87 81+7
0.05 2 70, 70 70
Straw 5.0 2 87, 80 83
Total 4 T0-87 TT+8

Standard deviations are calcalated for dala sels having =3 values.

TABLE C.2, Summary of Storage Conditions.

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
°C) {days)' Storage Stabilily (days)?

Grain =10 64-90 306-469

Straw 73-99

Interval from harvest 10 exiraction for analysis. Extracts were stored 2-8 days prier o analysis.

* Based on storage slability data from frozen tomatocs, iettuce, corn grain, sugar beet roots, and soybean seeds (47520719.der,

under review).

DP# 3563 15/MRID No. 47520718
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TABLE C.3, Residue Data from Rice Field Trials with Endothall Monoalkylamiae Salt (SC/L).
Trial ID Total Rate * PHI

. . ' . - 2’4
(City, State; Year) Zone | Crop; Varlely | Matix  ——-=i o] (days) Residues (ppm)
East Bernard, TX 2007 6 Rice: Cocodrie Grain 50 6.75 1 1.22 1.14
TX324 Straw 1.99 224
Cheneyville, LA 2007 Rice; Grain 1.15 .19
LA$25 | Clearfield 161 [ gigm 1 20 1 877 0 09 051

A 3 3
Newport, AR 2007 4 Rice; Wells Grain 5.0 6.76 0 0.818 0.694
AR$26 Straw 1.90 1.86
. . 1

Biggs, CA 2007 10 Ricc; M-208 Grain 50 6.76 0 0.802 1.08
CAS$27 Straw 2.59 261

The rate is expressed both in 1erms of the concentration in the irrigation water (ppm} and the total amount (Ib ae/A} applicd.
? Expressed in acid equivalents. The LOQ is 0.05
xpressed in acid equivalents, e LOQ is 0.05 ppm.
7 Average of two injections.
* The two results for cach field trial represent two samples taken from a single plot, not two plots,

TABLE C.4, Summary of Residue Data from Rice Field Trials with Endothall Monoamine Salt (SC/L)..

Commodity | Totl Applic. | PHI Residue Levels (PP:? ;_
Rate days ; 3 edian Mean
(days) n Min. Max. HAFT (STMdR) | (STMR) Std. Dev.
Riee grain 5 ppm 0-1 4 0.756 1.18 1.18 1.05 1.05 0.200
Rice Straw | (675-6.77) | ¢ 4 1.02 26 2.6 1.90 1.90 0.66

The value in parentheses is the total application rate in terms of 1b ae/A.
* Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm.
' HAFT = Highest Average Field Trial.

D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
jrrigation of rice. The data support the use of endothall in irrigation water at a concentration of 5
ppm (ae), with no more that six applications per season and a minimum 7-day interval between
applications to the water. Residues were determined on the rice at a 0-day PHI.

E. REFERENCES
None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donevan (5 June 2009)
Petition Number: 8E7419

DP#: 356315

PC Codes: 038901 and 038905

Template Version June 2005
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David Soderberg, Chemist, RAW, HED
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William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520718. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Rice:
Lab Project Number: Z9761. Unpublished study prepared by Interregional Research Project No.
4. 323 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted a rice grain processing study reflecting the
exposure of rice to endothall through the use of treated irrigation water. In a field trial conducted
in TX (Zone 6) during 2007, a 2.0 1b ae/gal soluble concentrate (SC/L.) formulation of endothall
(monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In order to
avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was then
applied using overhead sprinklers to rice as six broadcast foliar applications during grain
development and maturation at retreatment intervals (RTIs) of 6-7 days. A volume equivalent to
I acre inch of water (~27,154 gal/A} was applied for each application. Based on the
concentration of the endothall in the irrigation water and the amount of water applied, the
application rate for endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.75 Ib
ae/A/season.

Single bulk control and treated samples of rice grain were harvested at normal crop maturity, one
day after the last irrigation (1 day after treatment, DAT). The grain was processed into hulls,
bran and polished rice using simulated commercial procedures. The grain and processed fraction
samples were stored at <-10°C for up to 48 days prior to analysis. The sample storage intervals
and conditions are supported by the available storage stability data.

Residues of endothall (free acid) infon rice grain, bran and hulls were determined using an
adequate LC/MS/MS method (Method No. KP-242R1). For this method, residues were
extracted with water and then derivatized with heptafiuoro-p-tolylhydrazine (HFTH) in 50%
H3PO,. The derivatized residues were cleaned up by partitioning into methy! t-butyl ether
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed

DP# 356315/ MRID MNo. 47520718 Page i of &
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in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall i/on rice
commodities is 0.05 ppm.

Following six sprinkler applications of endothall (monoalkylamine salt) to rice at rates totaling
6.75 1b ae/A, residues in whole grain (RAC) were 0.872 ppm at 1| DAT, and the residues in the
processed fractions were 0.6 ppm for polished rice, 3.44 ppm for hulls and 2.03 ppm for bran.
The resulting processing factors were 0.07x for polished rice, 3.9x for hulls and 2.3x for bran.
The theoretical processing factors for rice are 5x for hulls and 7.7x for bran.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the rice processing study data are
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 3563 15.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo{2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw {40 CFR
§180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a processing study for rice reflecting irrigation of the rice crop with
endothall-treated water. The chemical structure and nomenclature of endothall and its
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade
endothall and its monoalkylamine salt are listed in Table A.2.

DP# 356315/MRID Ne. 47520718 Page 2 of 9
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Salt,

Chemical Structure 8]
OH
OH

0

Common name Endothall

Molecular Formula CeH,100s

Molecular Weight 186.16

IUPAC name T-oxabicyelo[2.2. 1 heptane-2 3-dicarboxylic acid

CAS name T-oxabicyclo{2.2.1Theptane-2,3-dicarboxylic acid

CAS # 145-73-3

PC Code 038501

Current Food/Fead Site Cotton, hops, potato, alfalfa grown for seed

Registration

Chemical Structure O

- HC
0 N,
N=-CH, (n)CH
oH / ,(n)CH,
H,C
C (n=7-17)

Common name Endothall, mono-N,N-dimethylalky| amine sal

Molezcular Formula Not available

Molecular Weight Average: 422

IUPAC name 7-oxabicyclo{2.2, ITheptane-2,3-dicarboxylic acid, compound with N, N-dimethylcocoamine

CAS name Not available

CAS # 66330-88-9

PC Code (38905

Current Food/Feed Site Cotton, hops, potato, alfaifa grown for seed, aquatic uses

Registration

DP# 356315/MRID No. 47520718 Page 3 of 9
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt.

Parameter [Vaiue | Reference

Endothall {acid)

Melting point 108-1107C D187593, 187590, and D187588,
3/5/93, K. Dockter

pH 2.7 at 25°C (1% solution) D187593, D187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 g/em’ (bulk) at 25

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubitity at 25T

109.8 g/L.
13.1 g/100 mi in water, pH 5

12,7 g/100 mL in water, pH 7
[2.5 g/100 mL in water, pH 9

166798, 7/2/92, K, Dockter
D207011, 9/30/94, F, Toghrot

Solvent solubility at 25

3.4 ¢/100 mL in acetonitrile
2.4 g/100 ml. in n-octanc|
6.0 g/100 ml. in tetrahydrofuran

D207011, 9/30/94, F, Toghrol

Vapor pressure

3.92 x 10° mm Hg at 24,3°C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20 (0.2%

solution in 20% basic ethanol); dissociation rate

1.8.2.3 x 10° umho within 3-5 minutes at 025,

by conductivity meter

D188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV /visible absorption spectrum

Not available

Endothall, mono-N N-dimethylalkyl amine salt

Boiling point

Not available

pH

5.2 at 25°C (1% solutjon}

D187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mL at 25C

D187593, 13187590, and D187588,
5/5/53, K. Doclter

Water solubility at 25

>49.2 g/100mL in water, pH 5
>51.6 g/100 mL in water, pH 7
>49.8 E/IOO mkL in water, pH 9

|D210814, 8/9/95, 8. Knizner

Solvent solubility at 25T

>102.5 g/100mL in acetonitrile
=95.4 g/100 mL in n-octanol
>104.3 ¢/100 mL in tetrahydrofuran

1210814, 8/9/95, 8, Knizner

Vapor pressure

2.09 x 10 mm Hg at 25C (calculated; mixed
mono- and dialkylaming (C8-C20))

2206344, $/22/94, F, Toghrol

Dissociation constant, pK,

4.24 for Step | and 6.07 for Step 2 at 207 for
mijxed mono- and diatkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
17 minutes {1.7 x 10° umho) at 25°C

D198885, 4/7/94, F. Toghrel

Qctanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 107 M and
8.9x10° M, at 25

209995, 1/20/95, L. Edwards

UV /visible absorption spectrum

Not available

B. EXPERIMENTAL DESIGN

B.1.

Application and Crop Information

In a field trial conducted in TX (Zone 6} during 2007, rice was irrigated with endothall-treated
water using overhead sprinklers (Table B.1.1). The irrigation water was treated with endothall

(2.0 1b ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The rice
field was irrigated six times during grain development and maturation at RTIs of 6-7 days. A
volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based

Page 4 of 9
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on the concentration of the endothall and the amount of water applied, application rate for
endothall was equivalent to 1.13 1b ae/A/application, for a total of 6.75 b ae/A/season.

TABLE B.1.1. Study Use Pattern.

Application Information

Location End-Use
{City, State; Year} Vol insl q

L Product . T 1 olume Single Rate RTI] Total Rate
Trial ID Method; Timing Coneen. | oalia)? | (bac/A)® | (days) (Ib ac/A) >
East Bernard, TX Six broadcast foliar
2007 2.0 Ib ae/gal | application from heading 27,046-
TX$24 SC/L through grain maturation 4.98-3.00 27,089 113 6-7 6.75

wsing overhead sprinklers.

" The concentration of endothall {in acid equivalents) in the irrigation water, No adjuvants were included in the irrigation water.

2 The target irrigation rate was I acre inch of water or 27,154 gal/A.
* The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the spplication

volume and plot size.
4 RTI = Retreatment Interval.

B.2. Sample Handling and Processing Procedures

Single control and treated bulk samples (>147 lb/sample) of rice grain were harvested at 1 DAT,
and were shipped by ACDS Freezer truck to the processing facility, GLP Technologies,
Navasota, TX. Samples were placed in frozen storage <10°F prior to processing, which was
completed within 21-25 days of harvest. Samples were processed using simulated commercial
procedures into polished rice, hulls and bran (Figure B.1).

Rice grain samples were dried to a moisture content of 11-14%, and impurities were separated
with a cleaner. The cleaned rice was hulled and debranned with a rice mill which removed the
hull material and abraded away the bran to produce polished rice and bran. The bran was
screened to remove hull material. Samples were transferred to frozen storage (<-10°F)
immediately after processing and were shipped frozen by overnight courier on dry ice 3 days
after processing to ALS Laboratory Group (Edmonton, AB). At ALS, processed samples were

stored frozen (<-10EC) prior to analysis.

DP# 356315/MRID No, 47520718 Page 5 of 9
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FIGURE B.1. Processing Flowchart for Rice Grain.

FORM H.210 Revision 80

RICE PROCESSING MATERIAL BALANCE

Sample # 2 (Treated, Trt. 02) Code# _J

RICE _149.1 lbs.

!
Dlrying 120.8 Ibs.

Screening 0.8 Ibs. LARGE SCREENINGS
J 11.9 Ibs. SMALL SCREENINGS

Asgpiration 7.4 [bs, LIGHT MPURITIES
109.5 Ibs. CLEANED RICE

Dehutting __108.8 bs. used
|

i

!
BROWN RICE 84,3 Ibs. HULL 22.2 fbs

Debranning
BRAN 9.8 Ibs UNHULLED SEED 115 Ibs

WHITE MILLED RICE_64.1 fbs

B.3. Analytical Methodology

Residues of endothall (free acid) in/on rice grain and straw were determined using a LC/MS/MS
method (Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in
Crops”, issued 5/4/2007.

For this methed, residues were extracted three times by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% HsPO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 viv). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS
using external standards. The m/z 397166 ion transition was used for quantifying residues.

DP# 356315/MRID No. 47520718 Page 6 of 9
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Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on
grain and straw is 0.05 ppm. An LOD of 0.000025 ppm was reported; however, this value was
the instrument LOD, rather than the LOD of residues in a control matrix.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of grain and straw were fortified with endothall at 3.05-5.0 ppm for
both method validation and concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on rice commodities was
adequately validated prior to and in conjunction with the analysis of field trial samples. The
avcrage method validation recoveries (SD) were 80 + 8% for rice grain and 95 + 12% for rice
straw (Table C.1). Concurrent recoveries averaged 78% for grain and 75% for straw. Although
no method recovery data were provided on polished rice, bran or hulls, the grain and straw
recovery data are representative of hulls and bran. Apparent residues of endothall were <L.OQ
infon control samples. Adequate sample calculations and example chromatograms were
provided, and the fortification levels used for the method recoveries were similar in magnitude to
the measured residue levels.

Samples of rice grain and grain processed fractions were stored at <-10°C for up to 48 days prior
to analysis (Table C.2). Adequate storage stability data are available indicating that endothall is
stable under frozen storage conditions for up to 306-469 days in lettuce, tomatoes, sugar beet
roots, corn grain, and soybean seed and oil. As these data indicate that endothall is stable on
diverse plant matrices during frozen storage, these data will support the storage durations and
conditions for the current rice processing study.

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to rice at rates
totaling 6.75 Ib ae/A, residues in whole grain (RAC) were 0.872 ppm at 1 DAT, and the residues
in the resulting processed fractions were 0.6 ppm in polished rice, 3.44 ppm in hulls and 2.03
ppm in bran (Table C.3). The resulting processing factors were 0.07x for polished rice, 3.9x for
hulls and 2.3x for bran. The theoretical processing factors for rice are 5x for hulls and 7.7x for
bramn.

TABLE C.1. Sammary of Method Validation and Coneurrent Recoveries of Endothail from Rice,
Matrix Spike Level Sample Size Recoveries Mean = Std, Dev.
(ppm) (n} (%) (%)
Method Validation
.05 3 93, 88, 88 90 %3
. 0.5 3 76, 77, 75 76+ ]
Grain
5.0 3 74, 75,71 73+£2
Total g 71-93 808
0.05 3 81,74, 83 T =5
0.5 3 97,103, 109 10346
Slraw
5.0 3 96, 102, 106 101 £ 5
Total 9 74-109 95+ 12
DP# 356315/MRID No. 47520718 Page 7 of 9
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TABLE C.1, Summary of Method Validation and Concurrent Recoveries of Endothall from Rice,
Matrix Spike Level Sample Size Recoveries Mean % Std. Dev.
{ppm) {n) {%) (%)
Concurrent Recoveries
Grain 0.05 1 8 78
0.30 1 70
Straw 0.03 ! 70 75
5.0 1 80

Standard deviations are caleulated for data sets having >3 values.

TABLE C.2.  Summary of Storage Conditions.
Matrix Storage Temperature Actual Storage Duration Interval ofDemop_straled
°C) (days)’ Storage Stability
4 (days)®
Unprocessed rice 43
Polished rice <10 39 166-369
Hul! 39
Bran 48

interval from harvest to extraction for analysis. Extracis were stored 2-11 days prior to analysis.

? Based on storage stability study with tomato, lettuce, corn grain, sugar beet roats, soybean oil and soybeans currently under

review (MRID 47520719).
TABLE C.3.  Residue Data from Rice Processing Study with Endothall Monoalkylamine Salt (SC/L).
RAC Processed Commodity Total Rate ' PHI Residues Processing Factor
ppm b ae/A (days) {ppm) :

Rice Whole grain (RAC) 0.872 --
Polished rice 50 6.75 t 0.06 0.07x
Hulls 3.44 3%
Bran 2.03 2.3x

D. CONCLUSION

05 ppm.

The rate Is expressed both in terms of the concentration in the irrigation water (pprm) and the total amount (1b ae/A) applied,
* Expressed in acid equivalents. The LOQ is 0.

The rice processing study is adequate. Endothall residues were reduced in polished grain
(0.07x), but concentrated in hulls (3.9x) and bran (2.3x).

O REFERENCES

None

DP# 356315/ MRID Neo. 47520718
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F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan {5 June 2009)
Petition Number: 8E7419

DP#: 356315

PC Codes: 038901 and 038905

Templale Version fune 2005
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p
Primary Evaluator /;ZL_ ﬂ? / M / Date: 5 June 2009

David Soderberg, Chemist, RABY, HED

Approved by (’,{) l‘é é; ‘H . ,h-a,szm__, Date: 5 June 2009
William Donovan, Senior Scientist, RABV,

HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,

* Building 100, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520705. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable, Legume Group: Lab Project Number: Z9765. Z9765.07-ALS05 Unpublished study
prepared by Interregional Research Project No. 4. 440 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
representative legume vegetables to endothall through the use of treated irrigation water. A total
of 10 tests were conducted in Zones 1, 4, 5, 10 and 12 during 2006-2007, including 2 tests on
succulent podded beans, 2 tests on dry beans, 2 tests on succulent podded peas, and 4 tests on
soybeans. In each test, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation of endothall
(monoalkylamine salt) was used to freat the irrigation water at a rate of S ppm ae. {In order to
avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied
during flowering through pod and seed development as broadcast foliar applications using
overhead sprinklers, at retreatment intervals (RTIs) of 6-9 days. A volume equivalent to ~I acre
inch of water (27,154 gal/A) was applied for each application. A total of six applications were
made in each test, except in one of the succulent bean tests, which used eight applications.
Based on the concentration of the endothall and the amount of water applied, the application
rates for endothall were equivalent to 1.12-1.13 1b ae/A/application, for a total of 6.74-6.77 1b
ae/A for the six applications or 9.02 1b ai/A for the eight applications.

Single control and duplicate treated samples of legume pods with seeds were harvested from the
succulent bean and pea field trials and samples of dried seeds were harvested from the dry bean
and soybean field trials. Samples were harvested on the day of the final application or one day
later (0-1 DAT), and were stored at <-10°C for up to 431 days prior to analysis. Adequate
storage stability data are available to support the duration and conditions of sample storage.

Residues of endothall (free acid) infon legume vegetables were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% HiPQ4. The

DP# 356315/MRID No. 47520703 Page f of 12 L/IL(
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derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall
acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on legume
vegetables is 0.05 ppm, and the estimated limit of detection (LOD) was 0.0001 ppm.

Following repeated overhead sprinkler applications (6 or 8) with irrigation water containing
endothall at 5 ppm ae (6.74-9.02 1b ae/A/season), endothall residues were 0.291-0.521 ppm ae
infon four samples of succulent podded beans, 0.522-1.00 ppm ae infon four samples of
succulent podded peas, 0.070-0.134 ppm ae infon four samples of dried beans, and <0.05-0.072
ppm ae in/on 8 samples of soybeans harvested at 0-1 DAT. Average endothall residues were
0.388 ppm for succulent podded beans, 0.734 ppm for succulent podded peas, 0.109 ppm for dry
beans, and 0.035 ppm for soybeans. The highest average field trial (HAFT) residues were (0.468
ppm for succulent podded beans, 0.939 ppm for succulent podded peas, 0.116 ppm for dry beans,
and 0.070 ppm for soybeans. No residue decline data was provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the legume field trial residue data are
scientifically acceptable. Although limited field trials were performed, these applications are
expected to be conservative relative to actual inadvertent applications. The acceptability of this
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry
Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall {7-oxabicyclo]2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 0389035) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops,
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of various legume vegetables with

DP# 356315/MRID No. 47520705 Page 2 of 12
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endothall-treated water. The chemical structure and nomenclature of endothall and its
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade
endothall and its monoalkylamine salt are listed in Table A.2.

Table A.1. Nomenclature of Endothall ang its Monoalkylamine Salt.

Chemical Struciure O
CH
OH
O
Common name Endothalt
Molecular Formula CyHye0s
Molecutar Weight 186.16
1UPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxabicycle{2.2.1 |hcptanc-2,3-dicarboxylic acid
CAS# 145-73-3
PC Code 038201
Current Food/Feed Site Cotton, hops, potato, aifatfa grown for seed
| Registration
Chemicai Structure QO
- H,C
© \N+ CH,(n)CH
— n
OH / CH;
H,C
O (n=7-17)
Common name Endothall, mono-M,N-dimethylalkyl amine salt

Molecuiar Forraula Mot available

Molecular Weight Average: 422

TUPAC name 7-oxabicyclof2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available

CASH# 66330-88-0

PC Code 038203

Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Registration

DP# 356315/MRID No. 47520705
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Table A.2, Physicochemical Propertics of Endothall and Its Monoalkylamine Sali

Parameter | Value {Reference

Endothall (acid)

Melting point 108-110C D187393, Dt87590, and D187588,
5/5/93, K. Dockter

pH 2.7at25%C (1% solution) 13187593, D187590, and D187588,

5/5/93, K. Dockter

gravity

Density, bulk density, or specific

0.481 g/cm’ (bulk) at 25T

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubility at 257

109.8 g/,

13.1 g/100 mL in watcr, pH 5
12.7 g/100 mL in water, pH 7
12.5 g/100 mL in water, pH 9

D166798, 7/2/92, K. Dockter
D207811, 9/30/94, F. Toghrol

Solvent solubility at 25C

3.4 g/100 mL in acetonitrile
2.4 /100 mL in n-octanol
16,0 g/100 mL in tetrahydrofuran

D20701%, 9/30/94, F, Toghro!

Vapor pressure

3.92% 107 mm Bpat24.3C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4,32 for Step 1 and 6.22 for Step 2 at 20T (0.2%

solution in 20% basic ethanol); dissociation rate

1.8-2.3 x 10° pmho within 3-5 minutes at 125,

by conduclivity meter

D 88708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable o endothall acid

D166798, 7/2/92, K. Dockicr

UV/visible absorption spectium

Not available

Endothall, moro-NN-dimethyl

alky! amine salt

Boiting point

Nol available

pH

5.2 at 25%C (1% sclution)

DI187393, DI&7590, and D187588,
5/5/93, K. Dockter

ravity

Density, bulk density, or specific

1.028 g/mL at 25T

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubility at 25T

249.2 /100 in water, pH §
=51.6 g/100 mL in watcr, pH 7
249.8 p/100 mL in water, pH 9

D210814, 8/9/95, S. Knizner

Solvent sotubility at 25°C

=102.5 g/100mL in acetonitrile
>95.4 g/100 ml. in n-octanof
>104.3 /100 ml. in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressiie

2.09% 10”° mm Hg at 25%C (calculated; mixed
mong- and diatkylamine (C8-C20))

D206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4.24 for Step 1 and 6.07 for Step 2 at 20%C for
mixcd mono- and dialkylamine {C8-C20) in
acidified ethanol/watcr; dissociation completc
0117 minutes (1.7 x 10’ pmho) at 25

D198885, 4/7/94, F. Toghrol

Octanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 107 M and
8.9x 10°M, at 25

D2039995, 1/20/95, .. Edwards

UV/visible absorption spectrum

Mot available

B. EXPERIMENTAL DESIGN

B.1. Study Site Information

A total of 10 tests were conducted on representative legume vegetable crops in Zones 1, 4, 5, 10
and 12 during 2006-2007; including 2 tests on succulent podded beans, 2 tests on dry beans, 2
tests on succulent podded peas, and 4 tests on soybeans (Table B.1.1). The irrigation water used
in each test was treated with endothall (2.0 b ae/gal SC/L monoalkylamine salt) at a
concentration of ~5 ppm, acid equivalent. The treated water was applied during flowering

DP# 356315/MRID No. 47520705
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through pod and seed development as broadcast foliar applications using overhead sprinklers, at

RTIs of 6-9 days. A volume equivalent to ~1 acre inch of water {(~27,154 gal/A) was applied for
each application. A total of six applications were made, except in one of the succulent bean tests
{CA$26). Due to slow growth of the beans, a total of eight applications were made in the CA$26

test. Based on the concentration of the endothall and the amount of water applied, application
rates for endothall were equivalent to 1.12-1.13 Ib ae/A/application, for a total of 6.74-6.77 Ib

ae/A/season or 9.02 Ib ae/A for the one site using having eight applications (Table B.1.3). These
applications are expected to be conservative relative to actual applications.

TABLE B.1.1, Trial Site Conditions.
. . . 'I
Trial ldentification (City, State; Year) Soil characterislics
Type %OM pH | CEC (megq/100 g)
Succulent podded beans
Arroyo Grande, CA 2007
CAS26 Sandy Loam 1.2 6.6 8.6
Baptistown, NI 2006
NIS24 Loam 2.3 6.7 9.1
) Dried beans
Delavan, WI 2007 .
WIS13 Sill Loam 2-4 56-78 6
Richland, 1A 2007 .
1A814 Silty Clay Loam 3.54 7.01 26.36
Succulent podded peas
Ephrata, WA 2007
WAS17 Loamy Sand 0.8 7.7 11.7
Delavan, W1 2007 .
Wis12 Sill Loam 2-4 3.6-7.8 é
Soybeaus
Baptistown, NJ 2006
NJ§25 Loam 23 67 9.1
Newport, AR 2007
AR$16 Sandy Loam 1.1 6.3 36
Richland, 1A 2007 .
I;&];“ Silty Clay Loam 3.58 7.7 19.83
Sparta, IL 2007 .
L1 Silt Loam 2.7 7.5 12.5
These parameters are optional except in cases where their value affects the use pattern for the chemical.
DP# 356315/MRID No. 47520705 Page 5of 12
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TABLE B,1.2, Water Characterization,

Study sile Water characieristics

Type Hardness/Salinity pH Turbidity | Dissolved OM

Arroyo Grande, CA 2007
CASI6 Well NR, NR NR NR
Baptistown, NJ 2006
NIS24 Well NR NR NR NR
Delavan, W1 2007
WIS13 Rural water NR NR NR NR
Richland, 1A 2007 3 ng
1AS14 Well NR NR NR NR
Ephrata, WA 2007 ;
WAS17 Well NR NR NR NR
Delavan, WI 2007
WIs12 Well NR NR. NR NR
Baptistown, NJ 2006 o
NI$25 Well NR NR NR NR
Newport, AR 2007 .
ARSI6 City water NR NR NR NR
Richland, IA 2007 Rural Water NR NR NR NR
1A%I15
Spana, 1L 2007 City Water NR NR NR NR

NR = nol reported,

The actual temperature recordings and rainfall were typical for each site and no unusual weather

conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).

DP# 35631 5/MRID No, 47520705
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TABLE B.1.3. Study Use Pattern,

Location
(City, State; Year) | Ead-Use

Application Information
Volume § Single Rate | RTI* | Total Rate

Trial 1D Product Method; Timing Concen.” | . oyay | (bae/A)! | (davs) | (Ibac/a)’
Succulent Beans w/ pods
Arroyo Grande, CA Eight broadcast foliar
o ot ontorese | soo (2| | a0 | om
overhead sprinklers.
Baptistown, NJ 2006 Six broadcast foliar
NI$24 2.0 Ib/gal | application from flowering 5.0 27154 113 6.7 675

sSC through fruit maturation using
overhead sprinklers.

Dried Beans

Delavan, WI 2007 Six broadcast foliar
WIg13 2.0 Ib/gal | application from flowering

sC through fruit maturation using 4.98 27,154 113 6-8 6.77
overhead sprinklers.

Richland, 1A 2007 Six broadcast foliar

1A%14 2.0 |b/gal | application from flowering
sC through fruit maturation using 500 27.154 113 6-8 6.77
overhead sprinklers.

Succulent Peas w/ pods

Ephrata, WA 2007 Six broadcast foliar
WAS17 2.0 Ib/gal § application from flowering '
sC through fruit maturation using 4.97 27,140 L12 6-8 6.74
overhead sprinklers.
Delavan, W1 2007 Six broadcast foliar
WIS12 2.0 Ib/gal | application from fowering 27,012-
sC through fruit maturation using 500 27,268 1L12-1.13 7 6.74
overhead sprinklers,
Diried Peas, Soybean
Baptistown, NI 2006 [ Six broadeast foliar
NJi$25 2.0 Ib/gal | application from flowering
sC through fruit mawuration using 4.96-5.00 | 27,154 113 7 675
overhead sprinklers.
Newport, AR 2007 Six broadcast foliar
ARS16 2.01b/gal { application from fiowering 27,142
SC | through fruit maturation using | >00 | 27159 | 13 6-8 6.76
overhead sprinklers,
Richland, 1A 2007 Six broadcast foliar
1A%15 2.0 Ibygal | application frem flowering
5C through fruit maturation using 500 27,154 L13 6-8 6.77
overhead sprinklers.
Sparta, JL 2007 Six broadcast foliar
IL$11 2.0 Ib/gal ; application from flowering 5.00 27012 113 6-8 6.77

5C through fruit maluration using

overhead sprinklers. i

' The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.

? The target irrigation rate was | acre inch of water or 27,154 gal/A.

? The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application
volume and plot size.

* RTI = Retreatment Interval,

DP# 3563 15/MRID No. 47520705 Page 7 of 12
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TABLE B.1.4. Trial Numbers and Geographical Locations.

NAFTA Succulent podded beans Dried beans Succulent podded Peas Soybeans
Growirig Submitted Requested’ Submitted { Requested' Submitied Reguested' Submitted Requested’

Zones Canada ; U.S. Canada | U.8. Canada | U.S, Canada | U.S
1 1 - - - - -~ - . 1 1 - -
2 -~ -~ 3 . -- -- -- = - - - 2
4 - - - - - - -- = - 1 - 2
3 - -- 1 2 - 4 1 - 3 2 -- 11
6 - - . - - . - - - - - -
8 -~ - -- - - | . -- - - - -
10 1 - 1 - - 1 - . - -- - -
11 - - 1 . - 1 w . 1 - - .
12 - . - - - - 1 - 1 - - -
Total 2 - 6% 2 - ) 2 - 6! 4 . 15

' Based on EPA OPPTS Guideline 860.1500.

2 Twelve total field trials are reguired, six each for an edible podded bean and a succulent shelled bean
? Nine total field trials arc requircd, three for an edible podded pea and six for a succulent shelled pea.
4 Zones 1A, 5 A and B, 7A and 14-21 were not included as the proposed use is for lhe U.S. only,

B.2. Sample Handling and Preparation

Samples were harvested at 0 DAT (after the sixth or eighth application) except at one site
(NJ$25) where harvest was delayed by one day (I DAT) to allow the soybean plants to dry to
facilitate threshing. Duplicate control and treated samples (2.0 Ib/sample) were harvested from
each site and placed in frozen storage at each test facility within 3 hours. Samples were stored
frozen at the field sites for 6-46 days. Samples were then shipped by ACDS Freezer truck or
overnight courier on dry ice to the analytical laboratory, ALS Laboratory Group (Edmonton, AB,
Canada), and stored frozen (£-10°C) prior to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) infon succulent and dried legume vegetables were determined
using a LC/MS/MS method (Method No. KP-242R1) entitled “Analytical Method for
Determination of Endothall in Crops”, issued 5/4/2007.

For this method, residues were extracted two times by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% HsPOs at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS
using external standards. The m/z 397— 166 ion transition was used for quantifying residues.

DP# 3563 15/MRID No. 47520765 Page 8 of 12
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Residues are expressed in endothall actd equivalents. The validated LOQ for endothall in/on
legume vegetables is 0.05 ppm. The estimated LOD was 0.0001 ppm.

The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of soybeans (dried seed) and lima beans {(succulent podded beans)
were fortified with endothall at 0.05-5.0 ppm for method validation and at 0.05 and 0.5 ppm for
concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon legume vegetables was
adequately validated prior to and in conjunction with the analysis of field trial samples. The
average method validation recoveries (+SD) were 97 + 16% for soybean seeds and 102 + 18%
for succulent podded lima beans (Table C.1). Average concurrent recoveries (+SD) were 86 +
9% for soybeans and 96 + 9% for succulent podded lima beans. Apparent residues of endothall
were <[.OQ infon control samples. Adequate sample calculations and example chromatograms
were provided and the fortification levels used for method recoveries were similar in magnitude
to the measured residue levels.

Samples were stored frozen at <-10°C for 39-431 days prior to analysis (Table C.2). Adequate
storage stability data are available indicating that endothall is stable under frozen storage
conditions for up to 306-469 days in lettuce, tomatoes, sugar beet roots, corn grain, and soybean
seeds and oil. These data will support the storage durations and conditions for the current
legume field trials.

Following repeated overhead sprinkler applications (6 or 8) with irrigation water containing
endothall at 5 ppm (6.75-9.02 1b ae/A/season), endothall residues were 0.291-0.521 ppm in/on
four samples of succulent podded beans, 0.522-1.00 ppm infon four samples of succulent podded
peas, 0.070-0.134 ppm in/on four samples of dried beans, and <0.05-0.072 ppm in/on 8 samples
of soybeans harvested at 0-1 DAT (Table C.3). Average endothall residues were 0.388 ppm for
succulent podded beans, (0.734 ppin for succulent podded peas, 0.109 ppm for dry beans, and
0.055 ppm for soybeans (Table C.4). The HAFT residues were 0.468 ppm for succulent podded
beans, 0.939 ppm for succulent podded peas, 0.1 16 ppm for dry beans, and 0.070 ppm for
soybeans. No residue decline data was provided.

Common cultural practices were used to maintain plants, and the weather conditions and
maintenance chemicals and fertilizer used in this study did not have a notable impact on the
residue data. Chlorosis and necrosis of leaves from treated plants was reported in two field trials

(IA and WA),

DP# 356315/MRID No. 47520705 Page 9 0f 12
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TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Legumes.
Matrix Spike Level Sample Size Recovelies Mean + Std. Dev.
{ppm} (n) (%o) (%)
Method Validation
£.05 3 83,76,71 L6
0.5 3 108, 101, 115 108 +7
Soybean seed
{dried) 5.0 3 104, 104, 113 107 5
Total 9 T1-115 97 + 16
] 0.05 3 81, 78,79 191
Lima Been 0.5 3 111, 108, 120 1136
{Succulent with
pod) 5.0 3 118,104,119 1148
Total 9 78-120 102+ 18
Concurrent Recoveries
0.05 3 92, 99,91 94 %4
Soybean seed 0.5 3 81,7578 78%)
(dried) Total 6 7599 86 £9
Lima Been 0.05 2 98, 73 85
(Succulent with 0.5 2 84, 118 181
pod) Total 4 73-118 9349

Standard deviations were calculated only for datasels having > values,

TABLE C.2.  Summary of Storage Conditions,

Matrix Storage Temperature Actual Siorage Duration Interval of Demonstrated
(°C) (days)' Storage Stability (days)*

Lima beans 53-431

Dried beans <10 6376 315469

Garden peas 113-127

Soybean seed 39.385

Interval from harvest to extraction {or analysis. Extracts were stored up to 13 days prior to analysis.

? Based on storage stability data from frozen tomatoes, lettuce, cern grain, supar beet roots, and soybean seeds (47520719.der,

under review),

TABLE C.3. Restdue Data from Crop Field Trials with Endothall Moncalkylamine Salt (SC/L).
Trial 1D : ‘ Total Rate ' PHI .
! . Zone Crop/Variety Matrix Residues (ppm) >3
(City, State; Yearn) ppin Ib aciA {days)
Succulent Podded Beans
Arroye Grande, CA 2007 Succulent Lima | Succulent seed
CAS26 i0 fspeckled wipod 5.0 5.02 0 0.414 0.521
Baptistown, NJ 2006 Succulent Lima/
NI$24 1 Burpee’s S“‘i‘:}cghs“d 5.0 6.75 0 0.291 0.324
Improved Bush P
Dried Beans
Delavan, WI 2007 Dry bean/ .
WIS13 5 Pinto Dried secd 5.0 6.77 0 0.134 0.070
Richland, IA 2007 Dry bean/ .
1AS14 5 Great Northern Dried seed 5.0 6.77 0 0.109 0.123
Succulent Podded Peas
DP# 3563 15/MRID Mo, 47520705 Page 10 of 12

25

557



g.&l Endothall/038901/Inlerregional Research Project No. 4
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TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoalkylamine Salt (SC/L).
. i

g(;]i?}l(,ﬂs)tatc; Year) Zone {  Crop/Variety Matrix p;:al Rla:aem ({EIS) Residues (ppm) **
E\fi;altg, WA 2007 12 Succflt‘z(l;l'ilépea.-’ Succ\lvu:‘:g‘t:I seed | <4 6.74 0 0.878 100

o, Wi 2007 s | Suctwentpeal ) Su ““:};’;’5“‘* 50 | 674 o | 057 | o5z

Soybean

o NJ2006 1 e Dredseed | 50 | 675 I 0072 | 0.068

fi;‘;ﬁ’g“’ AR 2007 4 BPlionge;z:RR Driedseed | 50 | 676 o [ ©om | nNp*

ﬁ‘;h;; nd, IA 2007 5 Sg";ffg” Driedseed | 50 | 677 0 | (0020 | (0.017)
ppara, 112007 5 Asgifi,‘f‘:gng% | preaseed | 50 | 67 | 0 | 0038) | (002

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount {Ib ae/A) applied.

? Expressed in endothall acid equivalents, The LOQ is 0.05 ppm and the estimated LOD is 0.0001 ppm, Values in parenthesis
are <L.CQ and =LOD.

% The two results for each field trial represent two samples taken from a single plot, not two plots.

* Nane Detected at the LOD

TABLE CA4. Summary of Residue Data from Legume Vegetable Field Trials with Endothall Monoamine
Salt (SC/L).
: 2
Commodity Total Apip e, | PHI Residue Levels (pir;x)d. =
Rate {days} ; 3 edian ean

N Min. Mazx, HAFT (STMdR) | (STMR) Std. Dev.
Succulent 3 ppm
podded beans (6.75,9.02)* 0 2 0.3075 0.4675 0.4675 0.3875 0.3875 0.113
Succulent S5ppm
podded peas (6.74) 0 2 0.5295 0.935 0.539 0.734 0.734 0.290
Dried Beans ?6'_’.?;‘)‘ 0 2 | o2 | o216 | o016 | 0109 | 0109 | 0010
Soybean, dried 5 ppm
seed (6.75-6.77) 0-1 4 <0.050 0.07 0.07 0.034 0.034 0.025

The value in parentheses is the total application rate in lerms of Ib ae/A.

* Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For values SLOQ, the LOQ was used for all
calculations.

3 HAFT = Highest Average Field Trial.

* One of the succulent podded bean field trials used 8 applications rather than 6 applications due to slow plant growth and

maturation.

D. CONCLUSION

The available field trial data are adequate and support the use of endothali-treated water for
irrigation of legume vegetables. The data support the use of endothall (monoalkylamine salt) in
irrigation water at a concentration of 5§ ppm (ae), with no more that six applications per season,
and a minimum 7-day interval between applications to the water to vegetable crops. Crops were
tested with a O-day PHL

Page 11 of 12
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Fel  Endothall/038501/Interregional Research Project No. 4
m_§ wa DACO 6.4, 7.4, 7.8/OPPTS 860.1400/0ECD {IIA 8.4.3 and 1{IA 8.3
i Water, Fish, and Iirigated Crops - Inigated Tomatoes

Primary Evaluator /QMW / m Date: 5 June 2009

David Soderberg, Chemist, RABO'/, HED
Approved by w ng\,(ﬂ . bm Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520706. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Vegetable Fruiting Group: Lab Project Number: Z9766, Z9766.06-CA$28, Z9766.06-FL$27
Unpublished study prepared by Interregional Research Project No. 4. 180 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
tomatoes to endothall through the use of treated irrigation water. In two tomato field trials
conducted during 2006 in Zones 3 and 10, a 2.0 Ib ae/gal soluble concentrate (SC/L) formulation
of endothall {monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae.
[In order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to
tomatoes during flowering and fruit development as six broadcast foliar applications using
overhead sprinklers, at retreatment intervals (RTIs) of 6-8 days. A volume equivalent to ~1 acre
inch of water (27,154 gal/A)) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rates for endothall were equivalent to
1.12-1.13 lb ae/A/application, for a total of 6.74-6.77 lb ae/A/season.

Single control and duplicate treated samples of tomatoes were harvested from each test on the
day of the final application (0 days after treatment, DAT), and samples were stored at <-11°C for
up to 106 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on tomatoes were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3POs. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (L OQ) for endothali in/on tomatoes is 0.05 ppm.

DP# 356315/MRID No. 47520706 Page 1 of 9

2500



F+f Endoihall/038901/Interregional Research Project No. 4
m@\gn DACO 6.4, 7.4, 7.8/0OPPTS 860.1400/OECD HIA 8.4.3 and HIA 8.3
Waier, Fish, and Irrigated Crops - Irrigated Tomatoes

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.74-6.77 1b ae/A/season), endothall residues at 0 DAT were <0.05 ppm infon 4 samples of
tomatoes.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the tomato field trial residue data are
scientifically acceptable, Although only two field trials were performed, these applications are
expected to be conservative relative to actual inadvertent applications. The acceptability of this
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry
Summary Document, DP# 356315,

COMPIIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical ¢lass.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. . This includes irrigation canals, but only with a 7 day
holding period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for
seed only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in
hops. Permanent tolerances are established for the combined residues of endothall and its
monomethyl ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm
in/on rice grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of tomatoes with endothall-treated water.
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in
Table A.1. The physicochemical properties of technical grade endothall and its monoalkylamine
salt are listed in Table A.2.

DP# 356315/MRID No. 47520706 Page2 of ©
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Table A.1. Endothall and Salts Nomenclature

Chemical Siruclure 0
OH
OH
&)
Comron name Endothall
Molecular Formula CeF00s
Molecular Weight 186.16
1UPAC name 7-oxabicyclol2.2.1Theptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2.1Theptane-2 3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Feed Site Catton, hops, potato, aifalfa grown for seed
Repistration
Chemical Structure o
-  H(C
© \Nr+ CH,mC
— mCH
OH ST :
H,C
O (n=7-17)

Common name

Endothall, mono-N,N-dimethylalky! amine salt

Molecular Formula

Not available

Molecular Weight

Average: 422

1TUPAC name 7-oxabicyclo[2.2, 1heptane-2 3-dicarboxylic acid, compound with N, N-dimelhylcocoamine
CAS name Not availablc

CAS# 66330-88-9

PC Code 038805

Current Food/Feed Site
Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2. Physicochemical Propertics of Endothall and Salts

Parameter { Value | Reference

Endothall {acid)

Melting point 108-110C D187593, D187590, and DI87588,
3/5/93, K. Dockter

pH 2.7 at 25T (1% solution) D187593, D187590, and D187588,

5/5/93, K. Dackter

Density, bulk density, or specific
gravity

Dt87593, D187590, and [3187588,
5/5/93, K. Dackter

0.481 glem” (bulk) at 25

Water solubility at 25T

D166798, 7/2/92, K, Dockter
207011, 9/30/%4, F. Toghrol

109.8 g/L.

13.1 g/100 mL in water, pH 5
12.7 ¢/100 mL in water, pH 7
12.5 g/100 mL in waler, pH 9

Solvent solubility at 25T

3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol
2.4 g/100 mL in n-octanol

16.0 g/100 mL in tetrahydrofuran

} Yapar pressure

D166798, 7/2/92, K.. Dockter

3.92 x 10° mm Hg at 24.3C

DP# 356315/MRID No. 47520706
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Table A.2. Physicochemical Properties of Endothall and Salts {
Parameler Vahie Reference

Dissociation constant, pK, 4.32 for Step 1 and 6.22 for Step 2 at 20°C (0.2% {D188708, 5/3/93, K. Dockler
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° pmho within 3-5 minutes at 325,
by conductivity meter

Octancl/walter partition coefficient [ Not applicable to endothall acid D]66798, 7/2/92, K. Dockter
UV/visible absorption specirum Mot available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point Not available
pH 5.2 at 25%C (1% solution) 13187593, D187590, and 187588,
5/5/93, K. Dockter
Density, bulk density, or specific 1.028 g/mL at 25 D187593, D187590, and D187588,
| gravity 5/5/93, K. Dockier
Water solubility at 25°C 249.2 ¢/100mL in water, pH 5 D210814, 8/9/95, S, Knizner

=>51.6 g/100 mL in water, pl1 7
249.8 /100 ml. in water, pH 9
Solvent solubility at 257 >102.5 g/100mL in acetonitrile D2 16814, 8/9/95, S, Knizner
2935.4 g/100 mL in n-octanol

>104.3 /100 mL in tetrahydrofuran

Vapor pressure 2.09 x 107 mm Hg at 25°C (calculated; mixed D206344, 9/22/94, F. Toghrol
mono- and dialkylamine {C8-C20})
Dissociation constast, pK, 4,24 for Step 1 and 6.07 for Step 2 a1 20%C for 12198885, 4/7/94, F. Toghrol

mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
5317 minutes (1,7 x 10° pmho) at 25T
Octanol/water pastition coefficient |[Kow 2.097 at concentrations of 8.9 x 10° M and | D209995, 1/20/95, L. Edwards
8.9x 107 M, at 25
UV ivisible absorption spectrum Not available

B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two tomato field trials were conducted in Zones 3 and 10 during 2006 (Table B.1.1). The
irrigation water used in each test was treated with endothall (2.0 [b ae/gal SC monoalkylamine
salt} at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the
tomatoes during flowering and fruit development as six broadcast foliar applications using
ovethead sprinklers, RTIs of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,000
gal/A) was applied for each application. Based on the concentration of the endothall and the
amount of water applied, application rates for endothall were equivalent to 1.12-1.13 Ib
ae/A/application, for a total of 6.74-6.77 Ib ac/A/season (Table B.1.3). These applications are
expected to be conservative relative to actual applications.

TABLE B.1.I. Trial Site Conditions.
Trial 1dentification {City, State; Year) Soil characteristics'
Type %HOM pH CEC (meq/100g)
Grande Asroyo, CA 20006
CA$28 Sandy Loam 1.9 5.7 12.6
Oviedo, FL 2006
FL$27 Sand 0.7 6.3 3.1
DP# 35631 5/MRID No. 47520706 Page 4 of 9
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'These parameters are optionat except in cases where their value affects the use pattern for the chemical,

TABLE B.1.2, Water Characterization.
Study site Water characteristics
Type Hardness/Salinity pH Turbidity Dissolved OM
Grande Arroyo, CA 20006 Well NR NR NR NR
CAS$28
QOviedo, FL. 2006 Artesian Well NR NR NR NR
FL527

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. Additional irrigation was supplied as needed using underground seep
irrigation. The tests were conducted according to normal agricultural practices for the regions,
and information was provided on maintenance pesticides and fertilizers used at each site. No
information was provided on the characteristics of the water used for irrigation, other than the
source (Table B.1.2),

TABLE B.1.3. Study Use Pattern.

Location Application Information

{City, State; End-Use : -

v Product T 1 i Yolume | SingleRate | RTI Total Rate

T:i:?lD Method; Timing Concen. "I alA)? | (Ibac/d)® | (days) | (Ibac/A)’

Grande Arroyo, Six broadeast foliar

CA 20006 2.0 tb/gal | application during flowering

CAS28 SC | and fruit development using | O 27,042 112 6-8 6.74
overhead sprinklers.

Oviedo, FL Six broadcast foliar

2086 2.0 Ib/gat | application during flowering

FL$27 sC and fruit development using 5.0 27600 113 8 6.77
overhead sprinklers.

" The concentration of endothall {in acid equivalents) in the irrigation water, No adjuvants were included in the iigation water.
? The target irrigation rate was | acre inch of water or 27,154 gal/A.
? The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae}, the application

volume and plot size.
4 RTI = Regreatment laterval.

DP# 356315/MRID No. 47520706 Page 5 of 9
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TABLE B.1.4. Trial Numbers and Geographical Locations.
NAFTA Tomatocs
Growing Submitted Requested!
Zones :

Canada U.s.
1 - - 1
2 - - 1
3 1 - 2
4 . - -
5 - - 1
3 - - -
T - - -
3 - - .
[+ — am -
10 1 w 1117)
11 - - -
12 - - -
13 -- - -
Total 2 -- 16§12]°

Based on EPA OPPTS Guideline 860.1500.
® The number in brackets indicates a 25% reduction requircd to support a erop group tolerance,
3 Zones 1A, 5 Aand B, 7A and 14-21 were not inclided as the proposed use is for the U.S. only.

B.2. Sample Handling and Preparation

Duplicate control and treated samples (>4 lb/sampie, 12-24 fruits) of tomatoes were harvested at
0 DAT (after the sixth application) and placed in frozen storage at the test facility within 1 hour,
15 minutes. Samples were stored frozen at the field sites for 14 days prior to shipment by ACDS
Freezer truck to the analytical laboratory (Cerexagri, Inc., King of Prussia, PA), and stored at
<-11°C until analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on tomatoes were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PO4 at 100-
120°C for 20 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol: MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397-—166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
infon tomatoes is 0.05 ppm, and the LOD was estimated to be 0.002 ppm.

DP# 356315/MRID No. 47520706 Page 6 of
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of tomatoes were fortified with endothall at 0.05-5.0 ppm for method
validation, and control samples were fortified with endothall at 0.05-1.0 ppm for concurrent
recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon tomatoes was
adequately validated prior to and in conjunction with the analysis of field trial samples. Method
validation recoveries averaged 89% with a standard deviation of 7%, and concurrent recoveries
averaged 88% with a standard deviation of 15% (Table C.1). Apparent residues of endothall
were <LOQ in/on control samples. Adequate sample calculations and example chromatograms
were provided and the fortification levels used for method recoveries were similar in magnitude
tfo the measured residue levels.

Tomato samples were stored frozen at <-11°C for up to 106 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes
for up to 467 days (47520719.der, under review). These data will support the storage durations
and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.74-6.77 Ib ae/A/season), endothall residues at 0 DAT were <0.05 ppm in/on 4 tomato samples
(Table C.3). The average and HAFT residues were <0.05 ppm in/on tomatoes (Table C.4).

No phytotoxicity was noted on the treated tomato crops. Common cultural practices were used
to maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in
this study did not have a notable impact on the residue data.

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Tomato.
Matrix Spike Level Sample Size Recoveries Mean + Si1d. Dev.
(ppm3 {n) (%) (%)
Method Validalion
0.05 3 82,79, 84 823
0.5 3 100, 92, 97 96+ 4
Frait 5.0 3 86,93, 92 90 = 4
Total S 79-100 897
Concurrent Recoveries
0.05 2 104, 77 91
0.5 ] 98 98
Fruit L0 1 74 74
Tolal 4 77-104 8815
Standard deviations are calculated for dala sets having >3 values.
DP# 356315/MRID No. 47520706 Page 7 of 9
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TABLE C.2.  Summary of Storage Conditions.

Matrix Storage Temperaturc Actual Storage Duration Interval of Demonstrated
(°C) (days)' Storage Stabitity (days)?

Tomato RAC (fruit} =I1 77-166 467

Interval from harvest to cxtraction for analysis. Extracts were stored up to 1 day prior to analysis.
? Endothal! is stable in frozen tomatocs for Up to 467 days (47520719.der under review).

TABLE C.3.  Residue Data from Tomato Fleld Trials with Endothall Moncalkylamine Salt (SC/L).
Igi;,lgtate; Year) Zone | Crop/Variety Matrix p;:a! szea;A (ggls) Residues (ppm) *?
-raiiis 10 Or;‘;’.:l“ff; qui| P 50 | 674 0 <0.05 <0.05
CAR28

?ﬁ‘g‘ij" FL 2006 3 g:l‘;’;ﬁ; Fruit 50 | 677 0 0627 | (0.030)"

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (b ae/A) applied.
? Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD estimated t¢ be 0.002 ppm.

® The two results for each field trial represent two samples taken from a single piot, not two plots.

* Results in parentheses are below the LLMV, but above the LOD.,

TABLE C4. Semmary of Residue Data frem Tomato Field Trials with Endothall Monoamine Salt
(SC/L).

H 7
Commodity | 02 Applic. | PHI Residye Levels (pg“fj_ -~
Rate days) . 3 edlan Lan
(day N Min. Max, HAFT (STMdR) | (STMR) Std. Dev.
Tomato 3 ppm ¢ 2 <0.05 <005 | <0.05 0.05 0.05 N/A
(6.74-6.77) : ’ : ' :

The value in parentheses is the total application rate in terms of Ib ae/A.
T Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported <LOQ, the LOQ was used for

ali calculations.
? HAFT = Highest Average Field Trial.

D. CONCLUSION
The available field trial data are adequate and support the use of endothall-treated water for
irrigation of tomatoes. The data support the use of endothall in irrigation water at a

concentration of 5 ppm ae, with no more that six applications per season, and a minimum 7-day
interval between applications to the water. Residues are determined at a (-day PHL

E. REFERENCES

None
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100 Suite B, Durham NC 27713; submitted 3/25/2009), The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520719. Fenn Li (2008) Stability of Endothall in Tomato, Lettuce, Sugar Beet Root and Com
grain, Soybean and Soybean Oil During Frozen Storage Pending Analysis: Lab Project Number:
KP-2007-11. Unpublished study prepared by Interregional Research Project No. 4. 114 pages.

EXECUTIVE SUMMARY:

Frozen homogenized samples of tomato, lettuce, sugar beet root, corn grain, soybean seeds and
oil were fortified with endothall (free acid) at 1.0 ppm and placed in storage at <-8°C. Four
fortified replicates of each matrix were analyzed prior to storage on Day zero, and duplicate
fortified samples of each matrix were reanalyzed after approximately 1, 10, and 15 months of
frozen storage for tomato, lettuce, corn grain and sugar beet roots and after approximately 1, 5
and 10 months for soybean seeds and oil. At each sampling interval, control samples and two
freshly fortified samples of each matrix were analyzed along with the stored samples.

Residues of endothall (free acid) infon each plant commodity were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PO,. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall
acid equivalents. The reported limit of quantitation (LOQ) for endothall in/on plant commodities
is 0.05 ppm, and the reported limit of detection (LOD) is 0.025 ppm.

The storage stability data indicate that endothall is stable at <-8°C for up to 465 days in
tomatoes, lettuce, corn grain and sugar beet roots, and for up to 315 days in soybean seeds and
oil. The corrected average recoveries from tomatoes, lettuce, corn grain and sugar beet roots
were 99-112% at ~465 days and were 116-120% from soybean seeds and oil at ~315 days. The
reported noted that the storage stability study on soybean seeds and oil is on-going,.
STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:
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Under the conditions and parameters used in the study, the storage stability data are classified as
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aguatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. They are also registered for desiccation/defoliation of
alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for reduction of
sucker branch growth in hops. Permanent tolerances are established for the combined residues
of endothall and its monomethyl ester at 0. 1 ppm in/on cotton seeds, fish, dried hops and
potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419),
IR-4 has submitted storage stability data for a variety of plant matrices. The chemical structure
and nomenclature of endothall are listed in Table A.], and the physicochemical properties of
technical grade endothall are listed in Table A.2.

Table A.1. Endothall and Salts Nomenclature

Chemical Struclure 0
OH
OH
0
Common name Endothall
Molecular Formula CeHi,Os
Molecular Weight 186.16
TUPAC name 7-oxabicyclof2.2.TTheptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo{2.2. TTheptane-2,3-dicarboxylic acid
CASH £45-73-3
PC Code 038901
Currenl Food/Feed Site Regisiration | Colton, hops, potato, alfatfa grown for seed
DP# 356315/MRID No. 47520719 Page 2 of 6
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Table A.2. Physicochemical Properties of Endothall,

Parameter Value Reference
Melting poiat 108-1107C D187593, D187590, and D187588,
5/5/93, K.. Dockter
pH 2.7 at 25C (1% solution) D187593, D187590, and D187588,
5/5/93, K. Dockter
Density, bulk density, or specific  |0.481 g/fem? (bulk) at 25 D187593, D187590, and D18758%&,
gravity 373193, K. Dockter
‘Water solubility at 25¢ 109.8 g/L. D166798, 7/2/52, K. Dockter
13.1 100 mL in water, pH 5 D20701%, 9/30/94, F. Toghrol
12.7 g/100 mL in water, pH 7
12.5 g/100 mi, in water, pH §
Selvent solubility a1 25°C 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghtol

2.4 g/100 mL in n-octanol

16.0 g/100 mL. in tetrabydrefuran
Vapor pressute 3.2 x 107 mm Hg at 24.3°C D166748, 7/2/92, K. Dockter
Dissociation constant, pK, 4.32 for Step 1 and 6.22 for Step 2 at 20T (0.2% [D188708, 5/3/93, K. Dockter
solution: in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° pimho within 3-35 minutes at 025,
by conductivity meter

Octanol/water partition coefficient | Not applicable to endothall acid D166798, 7/2/92, K. Dockter
UV/visible absorption spectrum Not ayailable

B. EXPERIMENTAL DESIGN

B.I. Sample Handling and Preparation

Frozen control samples of each matrix were obtained from other GLP studies, with the exception
of soybean oil, which was purchased at a local siore. The storage stability study was conducted
at two different laboratories. Fortification and analysis of tomato, lettuce, sugar beet roots and
corn grain was conducted by JFR America Laboratories (King of Prussia, PA), and the
fortification and analysis of the soybean samples was conducted by ALS Laboratories
{Edmonton, AB, Canada). All frozen control samples were homogenized prior to fortification,
with the exception of soybean oil, for which homogenization was unnecessary.

For fortification, the endothall acid (monohydrate) was dissolved in either water (ALS lab) or
acetone (JRF lab). Storage stability samples were prepared by fortifying a total of twenty-five 5g
subsamples with endothall acid at 1.0 ppm.

B.2. Analytical Methodology

Residues of the free acid of endothall in/on each plant commodity were determined using a
LC/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for Determination of
Endothall in Crops”, issued 5/4/2007.

With the exception of soybean oil, residues were extracted twice by homogenization with water
followed by centrifugation and filtering. For soybean oil, the sample was mixed with 5 mL of
water and 3 mL of hexane and then centrifuged. Residues in the aqueous fraction were then
derivatized with HFTH in 50% H;PO; at 100-120°C for 90 minutes. After cooling, the
derivatized residues were partitioned into MTBE, evaporated to dryness, and reconstituted in

DP# 356315/MRID No. 47520719 Page 3 of 6
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hexane:MTBE (1:1 v:v). Residues were then cleaned using an amine SPE cartridge eluted with
methano:MTBE (1:4). Residues were analyzed by LC/MS/MS using external standards. The
m/z 397— 166 ion transition was used for quantitation, and residues are expressed in acid
equivalents. The reported LOQ and LOD for endothall in each commodity was 0.05 and 0.025

ppm, respectively.

This method was validated in conjunction with the analysis of the storage stability samples,
using control samples of each commodity fortified with endothall at 1.0 ppm.

C. RESULTS AND DISCUSSION

Four fortified replicates of each matrix were analyzed prior to storage on Day 0, and duplicate
fortified samples of each matrix were reanalyzed after approximately 1, 10, and 15 months of
frozen storage for tomato, lettuce, corn grain and sugar beet roots and after approximately 1, 5
and 10 months for soybean seeds and oil. At each sampling interval, control samples and two
freshly fortified samples of each matrix were analyzed along with the stored samples.

The LC/MS/MS method used for determining endothall residues was adequately validated tn
conjunction with the analysis of the storage stability samples. Average concurrent recoveries
(=SD) were 83 + 8% for tomatoes, 83 £ 11% for lettuce, 80 % 9% for corn grain, 81 = 11% for
sugar beet roots, 88 = 12% soybean seeds, and 94 & 11% for soybean oil (Table C.1). Apparent
residues of endothall were <LOQ in/on control samples. Adequate sample calculations and
example chromatograms were provided.

The average corrected recoveries at all storage intervals were 93-104% for tomato, 100-118% for
lettuce, 100-113% for corn grain, 99-108% for sugar beet roots, 99-116% for soybean seeds, and
93-120% for soybean oil (Table C.2)

TABLE C.1. Summary of Coneurrent Recoveries of Endothall from Various Crops.
Malrix Spike Level Storage Interval | Sample Size (n) Recoveries Mean £ Sid. Dev.
{(ppm) (days) (%) (%)
Tomato 1.8 0 4 91, 87, 91, 80 87
33 2 88, 94 91
314 2 73, 74 74
467 2 79, 74 6
Lettuce 1.0 & 4 82, 82, 77, 81 80
34 2 71,76 74
315 2 78, 80 79
459 2 96, 108 102
Com grain 1.0 0 4 93, 82, 90, 84 87
34 2 70, 70 70
315 2 75,77 6
466 2 88, 72 80
Sugar beet roots 1.0 0 4 73,75, 104, 9% 86
34 2 70, 73 72
315 2 76,77 76
DP# 356315/MRID No. 47520719 Page 4 of 6
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TABLE C.1.  Summary of Concurrent Recoveries of Endothall from Various Crops.
Matrix Spike Level Storage Interval | Sample Size (n) Recoveries Mean £ Sid. Dev,
(ppm) (days) (%) (%)
465 2 75,90 84
Soybean oil 1.0 ] 4 78, 80, 70, 80 77
3l 2 93, 88 90
147 2 Q1,114 102
306 2 91,90 50
Soybean seed 1.0 0 4 79, 104, 80, 98 90
3l 2 93, 94 94
147 2 98. 116 107
315 2 83,9 88
TABLE C.2.  Stability of Endothall Residues in Various Crops Following Storage at <-8°C.
Commedity Spike Level § Storage Interval | Recovered Residues | Mean Recovered Mean Corrected
(ppm) {Days) (ppm) Residues (ppm} Recovery Recovery |
(%) (%)
Tomato 1.0 0 0.91, 0.87, 091, 0.80 0.87 87 N/A
33 0.80, 0.90 0.85 85 93
314 0.80, 0,80 0.80 20 108
467 0.73,0.85 0.79 79 104
Lettuce 1.0 0 0.82,0.82,0.77,0.81 0.80 80 NfA
34 0.71,0.77 0.74 74 100
315 0.93,0.93 0.93 93 118
469 1.14,1.13 1.14 114 112
Corn grain 1.0 0 0.93,0.82,050,0.84 0.87 87 N/A
34 0.72,0.72 0.72 72 103
315 087,086 0.86 86 113
466 0.82,0.77 0.80 80 100
Supar beet 1O 0 0.73,0.75, 1.04, 0,91 0.86 86 N/A
T006 34 0.76, 0.74 0.75 75 104
315 0.81, 0.82 0.82 82 108
465 0.86, 0.80 0.83 83 99
Soybean oil 1.0 0 0.78, 0.80, 0.70, 0.80 0.77 77 N/A
3 (.88, 0.90 0.89 89 99
147 0.98, 109 1.04 104 102
306 1.04, 1.04 1.04 104 116
Soybean seed 1.0 0 0.79, 1.04, 0.80, 0.98 0.90 90 N/A
3 0.84, 0.90 0.87 87 92
147 0.99, 1.11 1.05 105 98
315 0.91,1.20 1.06 106 120
Carrected for mean concurrent recovery (see Table C.1.}.
DP# 356315/MRID No. 47520719 Page 5 of 6
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FIGURE C.1. Frozen Storage Stability of Endothall in Various Plant Matrices.
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D. CONCLUSION

The storage stability data are adequate and indicate that endothall is stable at <-8°C for up to 465
days in tomatoes, lettuce, corn grain and sugar beet roots, and for up to 315 days in soybean
seeds and oil. The storage stability study on soybean seeds and oil is on-going.

E. REFERENCES

None
F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#:356315

PC Code: 038901

Templale Version June 2005
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Primary Evaluator /ﬂ _ r // A—&MJ Date: 5 June 2009

David Soderberg, Chemist, RABV, HED
Approved by f,\/ LM;,N C)Ol . D{WM Date: 5 June 2009

William Donovan, Senior Scientist, RABV,
HED

This DER was originally prepared under contract by Dynamac Corporation {1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED} and revised as needed for clarity, correctness and to reflect current Office

of Pesticide Programs (OPP) policies.
STUDY REPORT:

47520709. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit,
Pome Group: Lab Project Number: 29767, Z9767.07-CERO05 Unpublished study prepared by
Interregional Research Project No, 4. 255 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
apples to endothall through the use of treated irrigation water. In two apple field trials conducted
during 2006 in Zones I and 11, 2 2.0 1b ae/gal soluble concentrate (SC/L) formulation of
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In
order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to
the apple trees during fruit development as six broadcast foliar applications using overhead
sprinklers, at retreatment intervals (RTIs) of 7 days. A volume equivalent to ~I acre inch of
water (27,154 gal/A) was applied for each application. Based on the concentration of the
endothall and the amount of water applied, the application rates for endothall were equivalent to
1.11-1.13 Ib ae/A/application, for a total of 6.64-6.79 Ib ae/A/season.

Single control and duplicate treated samples of apples were harvested from each test on the day
of the final application (0 days after treatment, DAT), and samples were stored at <-18°C for up
to 203 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

Residues of endothall (free acid) in/on apples were determined using an adequate LC/MS/MS
method (Method No. KP-242R1). For this method, residues were extracted with water and then
derivatized with heptafluoro-p-tolythydrazine (HFTH) in 50% H3;PO4. The derivatized residues
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using
external standards for quantitation. Residues are expressed in endothall acid equivalents. The
validated limit of quantitation (LOQ) for endothall in/on apples is 0.05 ppm.

DP# 35631 5/MRID No, 47520709 Page 1 of 9
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Following six overhead sprinkler applications with irrigation water containing endothail at 5 ppm
(6.64-6.79 Ib ae/A/season), endothall residues at 0 DAT were <LOQ in/on 4 samples of apples,
but were detectable at 0.031-0.047 ppm in 3 of the 4 samples. The average and highest average
field trial (HAFT) residues were <0.05 ppm in/on apples.

STUDY!WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the condittons and parameters used in the study, the apple field trial residue data are
scientifically acceptable. Although limited field trials were performed, these applications are
expected to be conservative relative to actual inadvertent applications. The acceptability of this
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry
Summary Document, DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclof2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethy]
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
JR-4 has submitted field trial data reflecting irrigation of apples with endothall-treated water.
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in
Table A.1. The physicochemical properties of technical grade endothall and its monoalkylamine
salt are listed in Table A.2.

DP# 35631 5/MRID No. 47520709 Page 2 of 9
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Table A.1. Nomenclatare of Endothall and its Menealkylamine Salt.

Cherical Structure O
OH
OH
O
Common name Endothall
Molecular Formula CeH 1005
Molecular Weight 186.16
1UPAC name 7-oxabicyclo[2.2.1Theptane-2,3-dicarbexylic acid
CAS name 7-oxabicyclo]2.2.1iheptane-2,3-dicarboxylic acigd
CAS# 145.73.3
PC Code 038501
Current Food/Feed Sile Cotton, hops, potatoe, alfalfa grown for seed
&g_istration
Chemical Structure O
- HC
0 A
N—CH,(n)CH
oH y ,(m)CH,
H.C
0O (n=7-17)

Commeon name

Endothall, mono-N,N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight

Average; 422

1UPAC name 7-oxabicyelof2.2,1]heptane-2,3-dicarboxylic acid, compound with N .N-dimethylcocoamine

CAS name Not available

CAS# 66330-88-9

PLC Cade 038905

Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses

\&Eismﬂion

‘Table A.2. Physicochemieal Properties of Endothall and Its Monoalkylamine Salt,

Parameter | Vahie | Reference

Endethall {acid)

Melting point 108-110C D187593, D187590, and D187538,
5/5/93, K. Dockter

pH 2.7 at 25 C (1% seolution) D187593, D187590, and 3187588,

5/5/93, K. Dockter

Density, bulk density, or specific

D187593, D187590, and D187588,

0.481 g/em’ (bulk) at 25T
5/5/93, K. Deckter

[ gravity
Water solubility at 25C

D166798, 7/2/92, K. Dockier
D207011, 9/30/94, F. Toghrol

109.8 g/L
13.1 /160 mL in water, pH 5

12.7 ¢/100 mL in water, pH 7
12.5 /100 ml in water, pH 9

Solvent solubility at 25T

3.4 g/100 mL in acetonitrile D207011, 9/30/94, F, Toghrol
2.4 g/106 ml. in n-octanol

16,0 ¢/100 mi, in tetrahydrofuran

Vapor pressurc

3.92 x 107 mm Hg a1 24.3C D 166798, 7/2/92, K. Dockter

DP# 3563 15/MRID No. 47520709
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Table A.2. Physicochemical Propertics of Endothall and Its Monoalkylamine Salt.

Parameter

Value

Reference

Dissociation constant, pK,

4.32 for Step | and 622 for Step 2 a1 207 (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 1¢¥ pmho within 3-3 minutes at 025,
by conductivity meter

D188708, 5/3/93, K. Dockter

Qctanol/waler partition coeflicient

Not applicable to endothal | acid

D166798, 7/2/92, K. Dockler

UV /visible absorption spectrurn Not available
Endothall, mono-N,N-dimethylalkyl amine salt
Boiling point Not available

pH

5.2 at 25C (1% solution}

D187593, D187590, and D187588,
5/5/93, K. Dockler

Density, bulk density, or specific
gravity

1.028 g/mlL at 25C

D187593, DI87590, and D187588,
5/5/93, K. Dockter

Water selubility at 25T

2492 ¢/100mL in water, pH 3
>51.6 g/100 mL in water, pH 7
>49.8 g/100 mL in water, pH®

D210814, 8/9/95, S, Knizner

Solvent solubility at 25°C

>102.5 g/100mL in acetonitrile
>05.4 g/100 mkL in n-octanol
2104.3 ¢/100 ml in tetrahydrofuran

D210814, 8/9/95, 8. Knimer

Vapor pressure

2.09 % 107 mm Hg at 257 {calculated; mixed
mono- and dialkylamineg (C8§-C20))

D206344, 9/22/94, F. Toghtol

Dissociation constant, pK,

4.24 for Step t and 6.07 for Step 2 at 20T for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
{117 minutes (1.7 x 10° ymho) at 25T

198885, 4/7/94, F. Toghrol

Qctanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10° M and
8.9x10° M, at 25

D209993, 1/20/95, L. Edwards

UV 4visible absorption spectrum Not available
B. EXPERIMENTAL DESIGN
B.1. Study Site Information

Two apple field trials were conducted in Zones 1 and 11 during 2006 (Table B.1.1). The
irrigation water used in each test was treated with endothall (2.0 Ib ac/gal SC monoalkylamine
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the apple
trees during fruit development as six broadcast foliar applications using overhead sprinklers, at
RTIs of 7 days. A volume equivalent to ~1 acre inch of water (-27,154 gal/A) was applied for
each application. Based on the concentration of the endothall and the amount of water applied,
application rates for endothall were equivalent to 1.11-1.13 lb ae/A/application, for a total of
6.64-6.79 |b ae/A/season (Table B.1.3). These applications are expected to be conservative
relative to actual applications.

TABLE B,1.1. Trial Site Conditions.
Trial 1dentification (City, State; Year) Sojt characteristics’
Type %0OM pH CEC (meq/100g)
North Rose, NY 2006
NY$20 Sandy Loam 29 6.5 5.7
Ephrata, WA 2006
WASIS Sandy Loam 0.9 7.9 13.6

DP# 356315/MRID No. 47520709
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'These parameters are optional except in cases where their value affcets the use pattern for the chemical.

TABLE B.1.2, Water Characterization.
Study site Water characteristics
Type Hardness/Salinity pH Turbidity Dissolved OM
North Rose, NY 2006 Well NR NR NR NR
NY$29
Eplirata, WA 2006 Well NR NR NR NE
WAS16 :

NR= not reported.

The actual temperature recordings and rainfall were typical for each site. The petitioner noted
that precipitation for the NY site was above normal during the growing period, but the moisture
excess did not affect crop growth or have any negative impact on the trial. Additional irrigation
was reported for the WA site, with under-tree micro-sprinklers. The tests were conducted
according to normal agricultural practices for the regions, and information was provided on
maintenance pesticides and fertilizers used at each site. No information was provided on the
characteristics of the water used for irrigation, other than the source (Table B.1.2).

TABLE B.1.3. Study Use Pattern.
Location End-Use Application; no adjuvant used
(City, State; Year) | o o0 Method: Tirmin Concen. ! | Yolume | Single Rate RTI* Total Rate
I'rial 1D : g © ol (galAY? | (b ag/AY? (days) (Ib ae/A}?
North Rose, NY Six broadcast foliar
2006 2.0 Ib/gal | application during fruit
NY$29 sC development using 5.01 27,089 1.13 7 6.79
overhead sprinklers.
Ephrata, WA 2006 Six broadcast foliar
WAS16 2.0 Ib/gal | application during fruit _
SC development using 4.97-50 | 26713 111 7 6.64
overhead sprinklers,

The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
? The target irrigation rate was 1 acre inch of water or 27,154 gal/A.
} The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae}, the applicalion
volume ond plol size.
4 RTi=Retreatment Interval.
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TABLE B.1.4. Trial Numbers and Geographical Locations.
NAFTA Apple
g‘;ﬁ::‘;g Submitied Requested'

Canada U5,
1 1 - 4
2 - - 2
3 - . -
4 - - -
3 =- - 3
3 . - -
7 - -
8 - - -
9 - - 1
10 - - 1
11 1 - 3
12 -- - -
13 - - -
Total 2 - 16 (12| 2

Based on EPA OPPTS Guideline 860.1500.
 The number in brackets indicates a 25% reduction required fo support a crop group tolerance.
3 Zones LA, 5 A and B, 7A and 14-21 were not included as the proposed use is for the U.S. only.

B.2, Sample Handling and Preparation

Duplicate control and treated samples (>8.25 Ib/sample, 24 fruits) of apples were harvested at 0
DAT (after the sixth application) and placed in frozen storage at the test facility within 45
minutes. Samples were stored frozen at the field sites for 5-23 days prior to shipment by ACDS
Freezer truck to the analytical laboratory (Cerexagri, Inc., King of Prussia, PA), and stored at
<-18°C until analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) infon apples were determined using a LC/MS/MS method
(Method No. KP-242R1) entitled “Analytical Method for Determination of Endothall in Crops”,
issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397—166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOGQ for endothall
in/on apples is 0.05 ppm, and the LOD was estimated to be 0.0025 ppm.

DP# 356315/MRID No. 47520709 Page 6 of 9
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of apples were fortified with endothall at 0.05-5.0 ppm for method
validation, and control samples were fortified with endothall at 0.05 ppm for concurrent
recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on apples was adequately
validated prior to and in conjunction with the analysis of field trial samples. Method validation
recovery averaged 88% with a standard deviation of 10%, and concurrent recoveries averaged
87% with a standard deviation of 13% (Table C.1). Apparent residues of endothall were non-
detectable in/on control samples. Adequate sample calculations and example chromatograms
were provided and the fortification levels used for method recoveries were similar in magnitude
to the measured residue levels.

Apple samples were stored frozen at <-18°C for up to 230 days prior to analysis (Table C.2).
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes
for up to 467 days (47520719.der, under review). These data will support the storage durations
and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.74-6.77 1b ae/A/season), endothall residues at § DAT were <L.OQ infon 4 apple samples, but
were detectable at 0.031-0.047 ppm in 3 of the 4 samples (Table C.3). The average and HAFT
residues were <0.05 ppm in/on apples (Table C.4).

Phytotoxicity was noted on the treated trees (necrotic spots on leaves), but no damage was noted
on the fruits. Common cultural practices were used to maintain plants, and the weather
conditions and maintenance chemicals and fertilizer used in this study did not have a notable
impact on the residue data.

TABLE C.1. Summary of Method Validalion and Concurrent Recoveries of Endothall from Apple,
Matrix Spike Level Sample Size Recoveries Mean + 51d. Dev.
(ppm) {n} (%) (%)
Method Validation
0.05 3 91,93, 93 02+ 1
. 0.5 3 76, 75, 74 T5+£1
Fruil
5.0 3 92, 104, 94 97Tx6
Tolal 9 T4-104 8816
Concurrent Recoveries
0.05 2 75,102 89
, ] 7
Fruit 0.5 ’ 7
1.0 1 95 95
Tolal 4 75-102 87+13
Standard deviations are calculated for data sets having 23 values,
DP# 35631 5/MRID No. 47520708 Page 7 of 9
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TABLE C.2.  Summary of Storage Conditions.
Matrix Storage Temperature Actual Storage Duration Interval ofDemop_strated
¢0) (days)" Storage Stability
(days)®
Apple =18 230 467

Enterval from harvest 10 extraction for analysis. Extracts were stored up to 6 days prior to analysis.
> Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review).

TABLE C.3.  Residue Data from Apple Field Trials with Endothall Moncalkylamine Salt (SC/L).

?éi?;,lIS)ta(e; Year) Zone Variety Matrix ppn'll‘om] Rl?:cm 5;:1} Residues (ppm)"?
ﬁg’g;“’se’ NY 2006 f Empire Fruit 50 6.79 0 ©.031) | (0.047)
E\?:E% WA 2006 11 1 Braeburn Fruit 5.0 6.64 0 ND* | (0.043)

The rate is expressed both in terms of the concentration in the irrigation water {ppm) and the total amount (Ib ac/A) applied.

* Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD was estimated to be 0.0025 ppm. Values <LOQ but 2LOD
are listed in parentheses.

3 The two results for each field trial represent two samples taken from a single plot, not two piots.
* Nene Detected at LOD

TABLE C.4. Summary of Residue Data from Ponme Fruit Field Trials with Endothall Monoamine Salt
{SC/L).
. 2
Commodity ngaif F] e ((?S,ls) 0 Min Max Remd:;ij:ls (ppl\r::d ian Mean Std. Dev
) ) {8TMdR) | (STMR) ) )
Apple (6.56?6[?;9) 0 2 0.039 0.043 0.043 0.041 0.041 | 0.0028

The value in parentheses is the total application rate in terms of 1b ae/A.

> Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported <LOQ, the LOQ was used for
all calculations.

? HMAFT = Highest Average Field Trial.

D. CONCLUSION

DP# 356315/MRID No. 47520709 Page 8 of
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The available field trial data are adequate and support the use of endothall-treated water for
irrigation of apple trees. The data support the use of endothall in irrigation water at a
concentration of 5 ppm (ae), with no more that six applications per season. And a minimum 7-
day interval between applications to the water. Residues in the apples represent a 0-day PHL

E. REFERENCES

None

F. DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315
PC Code: 038901 and 038905

Template Version June 2005
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re
Primary Evaluator éﬁj// ‘ M é& 7 Date: S June 2009

David Soderberg, Chemist, R(YBV, HED

Approved by N 5}({ . Date: 5 June 2009
William Donovan, Senior Scientist, RABVY,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect corrent Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520712, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Nut
Tree Group: Lab Project Number: Z9771. Unpublished study prepared by Interregional Research
Project No. 4. 211 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
tree nut crops to endothall through the use of treated irrigation water. In a pecan and almond
field trial conducted during 2006-2007 in Zones 2 and 10, respectively, a 2.0 1b ae/gal soluble
concentrate (SC/L) formulation of endothall (monoalkylamine salt) was used to treat the
irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different molecular
weights for different salts, endothall concentrations are expressed as the free acid equivalents
(ae).] The treated water was applied to the tree nut crops during nut development and maturation
as six broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTIs) of
7-8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each
application. Based on the concentration of the endothall and the amount of water applied, the
application rates for endothall were equivalent to 1.13-1.17 [b ae/A/application, for a total of
6.80-7.01 Ib ac/A/season.

Single control and duplicate treated samples of pecan and almond nutmeats and almond hulls
were harvested from the respective tests on the day of the final application (0 days after
treatment, DAT), and samples were stored at <-18°C for up to 203 days prior to analysis.
Adequate storage stability data are available to support the duration and conditions of sample

storage.

Residues of endothall {free acid) in/on nutmeat and almond hull samples were determined using
an adequate LC/MS/MS method (Method No. KP-242R1). For this method, residues were
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50%
H3PQ,. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether
(MTBE) and elution through an amine solid phase extraction (SPE} cartridge. Residues were
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed

DP# 356315/MRID No. 47520712 Page 1 of &
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in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall infon
nutmeats and hulls 1s 0.05 ppm.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.80-7.01 1b ae/A/season), endothall residues at 0 DAT were <LOQ in/on two samples each of
pecan and almond nutmeats. However, residues were detectable at 0.024 ppm in one of the
pecan nutmeat samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples.
Residues in/on the two almond hull samples were 6.91 and 8.20 ppm. Average endothall
residues and the highest average field trial (HAFT) residues were both 0.05 ppm for nutmeats
and 7.56 ppm for almond hulls.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the tree nut field trial residue data are
classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent applications. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Residue Chemistry Summary Document, DP# 3563 15.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclof2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class,
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aguatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of tree nut crops with endothall-treated
water. The chemical structure and nomenclature of endothall and its monoalkylamine salt are
listed in Table A.1. The physicochemical properties of technical grade endothall and its
monoalkylamine salt are listed in Table A2,

DP#356315/MRID No. 47520712 Papge 2 of
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Table A.1. Nomenclature of Endothall and its Menoalkylamine Sait,

Chemical Struclure 0O
OH
OH
O
Common name Endothall
Molecular Formula C3H 05
Molecular Weight 186.16
1UPAC name 7-oxabicyclo[2.2.1]hepiane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2.1]heptane-2, 3-dicarboxylic acid
CAS# 145.73-3
PC Code 038901
Current Food/Feed Site Cotton, hops, polato, alfalfa grown for seed
| Registration
Chemical Strueclure O
-  HC
© N—c mcH
— n
OH / AmCH,
H,C
O n=7-17)
Common name Endothall, meno-N,N-dimethylalkyl amine salt

Molecular Formula Not available

Molecular Weight Average: 422

IUPAC name 7-oxabicyclo[2.2. 11heptane-2, 3-dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available

CAS# 66330-88-9

PC Code (38205

Current Food/Feed Site
Registration

Cotton, hops, potato, alfalfa grown for seed, aquatic uses

Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salf,

Parameter | Value | Reference
Endothall (acid)
Melting point 108-110C D187593, D187590, and D187588,

3/5/93, K. Dackter

pH

D187593, D1875%0, and D187388,
5{5/93, K. Dockler

2.7 at 25 {1% solution)

Density, bulk densily, or specific
pravity

DI187593, D187590, and D187588,
575193, K. Dockier

0.481 g/em’ (bulk) 21 25°C

Water solubility at 257 109.8 g/l D166798, 7/2/92, K. Dockter
13.1 g/100 mL. in water, pH 5 D207011, 9/30/94, F. Toghrol
12.7 g/100 mL in water, pH 7
[2.5 /100 mi. in water, pH 9

Solvent solubility at 25 3.4 g/100 mL in acelonitrile D207011, 9/30/94, ¥, Toghrol
2.4 ¢/100 mL in n-octanol
16.0 /100 mL, in tetrahydrofuran

Vapor pressure 3.92x 10° mmHgat 24.37 D166798, 7/2/92, K. Dockler

DP# 356315/MRID No. 47520712
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Table A.2. Physicochemical Properties of Endothall and Its Mongalkylamine Sait.

Parameter Value Reference

Dissociation constant, pK, 4,32 for Step T and 6.22 for Step 2 at 20%C (0.2% | D188708, 5/3/93, K. Dockter
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10° umho within 3-5 minutes at 025,
by conductivity meter

Octanol/water partition coefficient }Not applicable to endothall acid D166798, 7/2/92, K. Dockter
UV /visible absorption spectrum Not available

Endothall, meno-N,N-dimethylalky| amine salt

Boiling point Not available

pH 5.2 at 25%C (1% solution) D187553, D187590, and D187588,
3/5/93, K. Dockter

Density, bulk density, or specific [ 1.028 g/mL at 25°C D187593, 3187590, and D 187588,

gravity 5/5/93, K. Dockter

Water solubility at 25°C >49.2 g/100mL in water, pH 5 D210814, §9/95, S. Knizner

>51.6 g/t00 ml in waler, pH 7
249.8 ¢/100 mL in water, pii 8
Solvent solubility at 25 >102.5 ¢/100mkL in acetonitrile D210814, 8/9/95, 8. Knizner
>95.4 g/100 mL in n-octanol

>104,3 g/100 mi in tetrahydrofuran

Vapor pressure 2.09 x 10° mm Hg at 25°C {calculated: mixed D206344, 9/22/94, F. Toghrol
mono- and dialkylamine (C8-C20))
Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20°C for D198885, 4/7/94, F, Toghrol

mixed mono- and dialkylamine {C8-C20) in
acidified ethancl/water; dissociation complete
(117 minutes (1.7 x 10° ymhbo) at 25
Octanol/water partition coefficient {Kgy 2.097 at concentrations of 8.9 x 10° Mand | D209995, 1/20/95, L, Edwards
8.0x10° M, at 25T
UV/visible absorption spectrum Not available

B. EXPERIMENTAL DESIGN
B.I. Study Site Information

Field trials were conducted on pecans and almonds in Zones 2 and 10, respectively, during 2006-
2007 (Table B.1.1). The irrigation water used in each test was treated with endothall (2.0 Ib
ac/gal SC monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated water
was applied to each crop during nut development and maturation as six broadcast foliar
applications using overhead sprinklers, at RTIs of 7-8 days. A volume equivalent to ~1 acre inch
of water (~27,154 gal/A) was appiied for each application. Based on the concentration of the
endothall and the amount of water applied, application rates for endothall were equivalent to
1.13-1.17 1b ae/A/application, for a total of 6.80-7.01 Ib ae/A/season (Table B.1,3), These
applications are expected to be conservative relative to actual applications.

TABLE B.1.1, Trial Site Conditions.

~ . + t
Trial Identification (City, State; Year) Soll characieristics

Type %OM pH CEC (meq/100g)

Irwinville, GA 2006 -
GAS22 Eoamy Sand 1.25 5.3 3.0
Coalinga, CA 2007 .
CAS$40 Silty Clay 1.5 7.0 217

These parameters are optional cxcept in cases where their value affects the use patiem: for the chemical.

DP# 356315/MRID No. 47520712 Page 4 of 9
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TABLE B.1.2, Water Characterization,
Study site Water characteristics

Type Hardness/Satinity pH Turbidiry Dissolved OM
frwinville, GA 2006
GAS22 Well NR NR NR NR
Coalinga, CA 2007
CAS40 Well NR NR NR NR

NR = Not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period, The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.1.2).
TABLE B.1.3, Study Use Pattern.
Location End-Use Application Information
{City, State; Year)} P Vol Si 14
1y, roduct & Timi I wmne ingle Rate | RT. Total Rate
Trial 1D Method; Timing Concen. " 1 oava)? | (Ibac/A)® | (days) | (Ibae/a)’
Pecan
Irwinville, GA 2006 Six broadcast foliar
GAS22 2.0 Ib/gal { application during nut 27,853-
sC development using 30 28,178 1.16-1.17 7 7.01
overhead sprinklers,
Almend
Coalinga, CA 2007 Six broadcast foliar
CAS40 2.0 Ib/gal | application during nut
sC development using 5.0 27,150 113 7-8 6.80
overhead sprinklers,

" The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
? The 1arget irrigalion rate was 1 acre inch of water or 27,154 gal/A.,
} The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application

volume and plot size.

4 RTI = Retreatment [nterval,

DP# 3563 15/MRID No. 47520712
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TABLE B.1.3. Trial Numbers and (Eggraphical Locations.

NAF’l“A Pecan Almond

g:::slzﬂg Submitted Requested ! Submitted Requested !

Canada 0.8 Canada U.s.

1 - -
2 1 -
3 - -

4

5 - -

6

7 - - -
8 -

9 - -

10 1 5
It -

12 - -
13 - - - - - -
Tatal 1 -- 5 ] .- 5

Based on EPA OPPTS Guideline 860.1500.

2 Zones 1A, 5A and B, 7A and 14-20 were nal included as the use js for U.S. only.

B.2. Sample Handling and Preparation

Pecans and almonds were harvested at 0 DAT (after the sixth application). Duplicate control and
treated samples (=2 lbs/sample) were collected from each test and placed in frozen storage at
each test facility within 3 hours. Samples were stored frozen at the field sites for 38-47 days.
Samples were then shipped by freezer truck to the analytical laboratory, United Phosphorus, Inc.
(King of Prussia, PA), and stored at <-18EC until analysis.

B.3, Analytical Methodology

Residues of endothall {free acid) in/on nutmeats and almond hulis were determined using a
LC/MS/MS method (Method No. KP-242R1) entitled “Analytical Method for Determination of
Endothall in Crops”, issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PO4 at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397-+166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall
infon nutmeats and hulls is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this
value was the instrument LOD, rather than the LOD of residue in a coniro] matrix.

DP# 356315/ MRID No. 47520712 Page 6 of 9
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The above method was validated prior to and in conjunction with the analysis of the field trial
samples. Control samples of pecan and almond nutmeats were fortified with endothall at 0.05-
5.0 ppm for method validation. For concurrent recoveries, control samples of nutmeats were
fortified with endothall at 0.05 and 0.50 ppm and control samples of almond hulls were fortified

at 0.05 and 2.0 ppm.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on nutmeats and hulls was
adequately validated prior to and in conjunction with the analysis of field trial samples. The
average method validation recovery was 75% with a standard deviation of 3% for pecan nutmeat
and 77% with a standard deviation of 5% for almond nutmeats (Table C.1). The average
concurrent recovery was 79% for pecan nutmeat, 76% for almond nutmeat and 83% for almond
hulls. Apparent residues of endothall were <LOQ in/on all control samples. Adequate sample
calculations and example chromatograms were provided, and the fortification levels used for the
method recoveries were similar in magnitude to the measured residue levels.

Pecan nutmeat, almond nutmeat and almond hull samples were stored at <-18°C for up to 203,
90 and 96 days, respectively, prior to analysis (Table C.2). Adequate storage stability data are
available indicating that endothall is stable under frozen storage conditions for up to 315 days in
soybean seeds and 466 days in comn grain (475207 19.der under review). These data will support
the storage durations and conditions for the current field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(6.80-7.01 b ae/A/season), endothall residues at 0 DAT were <1.OQ in/on all 4 samples of pecan
and almond nutmeats (Table C.3). However, endothall was detectable at 0.024 ppm in one of the
pecan nutmeat samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples.
Residues in/on the two almond hull samples were 6.91 and 8.20 ppm. Average endothall
residues were 0.05 ppm for nutmeats and 7.56 ppm for almond hulls (Table C.4). The HAFT
residues were 0.05 ppm for nutmeats and 7.56 ppm for hulls.

No phytotoxicity was reported on the treated crops. Common cultural practices were used to
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this
study did not have a notable impact on the residue data.
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TABLE C.1. Summary of Methed Validatien and Concurrent Recoveries of Endothall from Tree Nuts
Matrix Spike Level Sample Stze Recaveries Mean + Std. Dev.
(ppm) (n) (%o) {%0)
Method Validation
0.05 3 79, 74, 80 78+ 4
Pecan Nutmeat 0.3 3 74,71, 71 T2x2
3.0 3 74,75, 74 T4 +1
Tatal 9 71-81 75+ 3
0.05 3 82,75, 77 78 &4
Almond Nutmeat 9.5 3 88, 76,13 7928
5.0 3 75,73, 74 74 &}
Total 9 73-88 TT+5
Concurrent Recoveries
Pecan Nutmeat 0.9 ! LA 79
0.5 1 78
Almond Nutmeat 0.05 ! a 76
0.5 1 78
Atrmond Hulls 005 1 &7 8
2.0 1 78
Standard deviations are calculated for data sets having >3 values.
TABLE C.2. Summary of Sterage Conditions.
Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated
(°C) (days)’ Storage Stability (days) *
t 203
Pecan nutmeal 1s soybean—315
Almond nutmeat = 20 comn grain - 466
Almond hull 96

Interval from harvest to extraction for analysis. Extracts were stored up to 1 day prior to analysis.
* Endothall is stable under frozen storage conditions for up to 315 days in soybean seeds and 466 days in com grain
{47520719.der under review).

TABLE C.3. Residue Data from Tree Nut Field Trials with Eadothall Moncalkylamine Salt (SC/L).
Trial 1D et . Total Rate ! PHI . 23
(Gity, Statc; Year) Zone i Crop; Variety Matrix o oA | (days) Residues {(ppm)
Irwinville, GA 20l

2006 2 | Pecan; summer | MNutmeat 50 : 0 Sio {0.024)
GAS$22

Coalinga, CA 2007 10 Almon.d; Nutmeat 50 6.80 0 (0.036) (0,037
CA340 nonpanel Hulls 6.91 £.20

The rate is expressed both in terms of the concentration in the irrigation water {ppm) and the total amount (Ib ae/A) applied.
T Expressed in acid equivalents. The LOG is 0.05 ppm. Values <LOG but 2LOD are listed in parentheses.

3 The twao results for each field trial represent two samples taken from a single plot, not two plots.

4 None detected at LOD

DP# 356315/MRID Ne. 47520712 Page & of 9
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J«l Endothali/038901/Interregional Research Project No. 4
Water, Fish, and Irrigated Crops - Irrigated Tree Nuts

TABLE C4.  Summary of Residue Data from Tree Nut Field Trials with Endothall Monoalkylamine
Salt (SC/L). FIX
; 2
Commodity Total Api’ lie. | P Residue Levels (p;::)d‘ -
Rate {days) in. ) T3 edian ean
n Min Max, HAFT (STMAR) | (STMR) Std. Dev.

Pecan, nutmeat ?7”81“}‘ 0 I 0.24 024 0.024 0.024 0.024 N/A
Almond, nutmeat 5 ppm 0 1 0.037 0.037 <0.037 0.037 0.037 N/A
Almond, hulls (6.80) 1} 1 7.56 7.56 7.56 7.56 7.56 N/A

The value in parentheses is the total application rate in terms of Ib as/A.

? Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported <LOQ, the LOQ was used for
all caleulations.

1 HAFT = Highest Average Field Trial.

D. CONCLUSION

The avatilable field trtal data are adequate and support the use of endothall-treated water for
irrigation of tree nut crops. The data support the use of endothall in irrigation water at a
concentration of 5 ppm (ae), with no more that six applications per season and a minimum 7-day
interval between applications to the water. Residues on the nut crops were determined at a 0-
day PHI.

E. REFERENCES

None
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Primary Evaluator }j o ,w/ } /é_‘ /f J L Date: 5 june 2009

David Soderberg, Chemist, RABVV HED

Approved by f/u *iﬂwﬁ %L &Wu—a-..__.. Date: 5 June 2009

William Donovan, Senior Scientist, RABYVY,
HED

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713, submitted 3/31/2009), The DER has been reviewed by the
Health Effects Division {HED) and revised as needed for clarify, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520713, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Grain
Cereal Group (Except Rice): Lab Project Number: Z9768. Unpublished study prepared by
Interregional Research Project No. 4. 590 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (1R-4) submitted field trial data reflecting the exposure of
representative cereal grain crops to endothall through the use of treated irrigation water. A total
of 13 field trials were conducted during the 2006 and 2007 growing seasons in Zones 1, 2, 5, 6,
7, and 11, including two trials on sweet corn, four trials on field corn, three trials on sorghum,
and four trials on wheat (3 winter wheat and [ spring wheat). In each test, the 2.0 1b ae/gal
soluble concentrate (SC/L) formulation of endothall (monoalkylamine salt) was used to treat the
irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different molecular
weights for different salts, endothall concentrations are expressed as the free acid equivalents
(ae).] The treated water was applied to each crop during seed head formation and development
as six broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTIs) of
6-9 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each
application. Based on the concentration of the endothall in the irrigation water and the amount
of water applied, the overall application rates for endothall were equivalent to 1.10-1.25 Ib
ae/A/application, for a total of 6.58-7.10 Ib ae/A/season. As samples of field corn forage,
sorghum forage, and wheat forage and hay were harvested after only 2 or 3 applications, the total
application rates for these commodities was 2.19-3.39 1b ae/A.

Duplicate control and treated samples of each commodity were harvested from the respective
tests. Samples of field corn forage, sorghum forage and wheat forage and hay were harvested 0
days after the second or third application (0 DAT). Samples of sweet corn forage, kennels plus
cob with husks removed (K+CWHR) and stover, field corn grain and stover, sorghum grain and
stover, and wheat grain and straw were harvested following the sixth application at 0 DAT (or at
1 DAT in one wheat test). Samples of all cereal grain commodities were stored at <-18°C for up
to 238 days prior to analysis. Adequate storage stability data are available to support the
duration and conditions of sample storage.

DDP# 356315/MRID No. 47520713 Page 1 of 16
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Residues of endothall (free acid) in/on cereal grain commodities were determined using an
adequate LC/MS/MS method (Method No. KP-242R1). For this method, residues were
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50%
H3PQ4. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether
(MTBE) and elution through an amine solid phase extraction (SPE) carfridge. Residues were
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed
in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on each
cereal grain commodity is 0.05 ppm,

In the sweet com field trials, endothall residues at 0 DAT were <0.05-0.17 ppm infon 4 samples
of K+CWHR, 0.52-1.28 ppm in/on 4 samples of forage without ears, 0.40-1.06 ppm in/on 4
samples of forage with ears, and 0.58-5.06 ppm in/on 4 samples of stover with ears. Average
endothall residues were 0.11 ppm for K+CWHR, 0.91 ppm for forage without ears, 0.71 ppm for
forage with ears, and 2.76 ppm for stover with ears. The HAFT residues were 0.17 ppm in/on
K+CWHR, 1.23 ppm in/on forage without ears, 0.97 ppm in/on forage with ears, and 4.88 ppm
in/on stover with ears.

In the field corn field trials, endothall residues at ¢ DAT were 0.21-0.42 ppm in/on 8 samples of
forage harvested after only 2 or 3 applications (2.26-3.38 1b ae/A). Following all six applications
(6.75-7.10 Ib ae/A), endothall residues at 0 DAT were <0.05 ppm in/on 8 samples of grain and
1.07-3.48 ppm in/on 8 samples of stover. Average endothall residues were .33 ppm for forage,
<0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were 0.385 ppm in/on forage,
<(.05 ppm in/on grain, and 3.19 ppm in/on stover.

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm infon 6 samples of
forage harvested after only 2 or 3 applications (2.26-3.38 Ib ae/A). Following all six applications
(6.77 1b ae/A), endothall residues at 0 DAT were 0.49-1.41 ppm infon 6 samples of grain and
0.81-7.19 ppm in/on 6 samples of stover. Average endothall residues were 1.26 ppm for forage,
1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2.67 ppm in/on forage,
1.21 ppm in/on grain, and 4.90 ppm in/on stover.

In the wheat field trials, endothall residues at 0 DAT were 0.63-2.27 ppm in/on 8 samples of
forage and 1.00-3.09 ppm infon 8 samples of hay harvested after only 2 or 3 applications (2.19-
3.39 Ib ae/A). Following all six applications (6.58-6.77 b ae/A), endothall residues at 0 or 1
DAT were 0.20-2.01 ppm infon 8 samples of grain and 0.61-2.76 ppm in/on 8 samples of straw.
Average endothall residues were 1.15 ppm for forage, 1.94 ppm for hay, 0.71 ppm for grain, and
1.83 ppm for straw. The HAFT residues were 2.13 ppm in/on forage, 3.09 ppm in/on hay, 1.91
ppm in/on grain, and 2.74 ppm infon straw. Residue decline data were not provided in any field

trials.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in this study, the residue data on sweet corn forage,
K+CWHR and stover, field corn grain and stover, sorghum grain and stover, and wheat grain and

DP# 35631 5/MRID No. 47520713 Page20f 16
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straw are classified as scientifically acceptable. However, the residue data on field corn forage,
sorghum forage, and wheat forage and hay did not receive all six possible applications prior to
harvest, and therefore may not be conservative. The acceptability of this study for regulatory
purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document,

DP# 3563 15.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A. BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops.
Permanent tolerances are established for the combined residues of endothall and its monomethyl
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice
grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
TR-4 has submitted field trial data reflecting irrigation of representative cereal grains with
endothall-treated water. The chemical structure and nomenclature of endothall and its
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade
endothall and its monoalkylamine salt are listed in Table A.2.

DP# 356315/MRID No. 47520713 Page 3 of 16 {
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Salt.

Chemical Structure 0O
OH
OH

O
Common name Endothall
Molecular Formula CaH;505
Molecular Weight 186.16
TUPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclo[2.2. 1 Theptane-2, 3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Feed Site Registration { Cotton, hops, potato, aifalfa grown for seed
Chemical Structure O

-  H(C
© \: CH,(nCH
- n
OH / 2 3
H,C
0 {(n=7-17)

Common name Endothall, mono-N, N-dimethylalkyl amine salt
Molecular Formula Not available

Molecular Weight Average: 422

[UPAC name 7-oxabicyclo{2.2.1}heptane-2,3-dicarboxylic actd, compound with N,N-
dimethylcocoamine

CAS name Not available

CASH# 66330-88-9

PC Code (38905

{ Current Food/Feed Site Registration

Cotton, hops, potato, alfalfa grown for seed, aguatic yses

DP# 356315/MRID No. 47520713
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Table A.2. Physicochemical Properties of Endothall and Yts Monoalkylamine Salt,
Parameter | Value [ Reference
Endethall {acid)
Melting point 108-110T D187593, D187590, and D187588,
3/5/93, K. Dockter
pH 2.7 at 25°C (1% solution) D187593, DI187590, and D187588,

3/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 gfem’ (bulk) at 25°C

D187593, D1875%0, and D187588,
515493, K, Dockter

Water solubility at 25T

109.8 g/L

13.1 g/100 mL in water, pH 5
12.7 g/100 mL in water, pH 7
12.5 ¢/100 mL in water, pH ¢

D166798, 7/2/92, K. Dockter
D207011, $/30/94, F. Toghrol

Solvent solubility at 25T

3.4 g/100 mi, in acetonitrile
2.4 /100 mL in n-octanol
16.0 /100 mL in tetrahydrofuran

D2037011, 9/30/94, F. Toghrol

Vapor pressure

3.92 % 10° mm He at 24.3C

D166798, 7/2/92, K. Dockter

Dissociation constant, pK,

4.32 for Step 1 and 6.22 for Step 2 at 20°C (0.2%
solution in 20% basic ethanel); dissociation rate

1.8-2.3 % 10° pmho within 3-5 minutes at 025°C,

by conductivity meter

188708, 5/3/93, K. Dockter

Octanel/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockter

UV fvisible absorption spectrum

Not availahle

Endothall, mono-N,N-dimethylalky! amine salt

Boiling point

Not available

pH

5.2 at 25°C {1% solution)

187593, D187590, and D187588,
5/5/93, K. Dockter

Density, bulk density, or specific
[ gravity

1.028 g/mL at 25C

D 187593, D1875%0, and D187588,
5/5/93, K, Dockter

Water solubility at 25T

>49.2 ¢/100mL in water, pH 3
>51.6 g/106 mL in water, pH 7
249.8 o/100 mL in water, pH 9

D2106814, §/9/935, 8. Knizner

Solvent solubility at 25C

=102.5 g/100mL in acetonitrile
>95.4 g/100 mL in n-octanol
2104.3 /108 ml, in tetrehydrofuran

D210814, 8/9/95, 8. Knizner

Vapor pressule

2.09 x 107 mm Hg at 257 (calculated; mixed
mono~ and dialiylamine {C8-C20))

D206344, 9/22/94, F, Toghrol

Dissociation constant, pK,

4.24 {or Step | and 6.07 for Step 2 at 20°C for
mixed mono- and dialkylamine {C8-C20) in
acidified ethanol/water; dissociation complete
317 minutes (1.7 x 10° pmho) at 25C

D198885, 4/7/94, F. Toghrol

Octanolfwater partition coefficient

Kow 2.097 at concentrations of 8.9 x 10~ M and
8.9x 107 M, at25T

D209993, 1/20/95, L. Edwards

UV/visible absorption spectrom Not available
B. EXPERIMENTAL DESIGN
B.1. Study Site Information

A total of 13 field trials were conducted on representative cereal grains in Zones 1,2, 5, 6, 7, and
11 during the 2006 and 2007 growing seasons {Table B.1.1), including two trials on sweet comn,
four trials on field corn, three trials on sorghum, and four trials on wheat (3 winter wheat and 1
spring wheat). In each test, the irrigation water was treated with endothall (2.0 1b ae/gal SC
monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated water was

DP# 356315/MRID No. 47520713
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applied to each crop from seed head development through grain maturation as six broadcast
foliar applications using overhead sprinklers, at RTIs of 6-9 days. A volume equivalent to ~1
acre inch of water (~27,154 gal/A) was typically applied for each application. Based on the
concentration of the endothall and the amount of water applied, the overall application rates for
endothall were equivalent to 1.10-1.25 Ib ae/A/application, for a total 0f 6.58-7.10 b ae/A/season

(Table B.1.3).

As samples of field corn forage, sorghum forage, and wheat forage and hay were harvested after
only 2 or 3 applications, the total application rates for these commodities was 2.19-3.3% Ib ae/A.

TABLE B.1.1. Trial Site Conditions.
’ . + I
Trial 1dentification (City, State; Year) Soil characteristios
Type %OM pH | CEC(meq/t00g)
Sweet Corn
Sodus, NY 2006 .
NY$17 Uravelly Loam 3.2 6.4 13.4
Campbcll, MN 2007
MNS10 Clay Loam 4.8 6.7 302
Field Corn
Baptistown, NJ 2006
NISI8 Loam 23 6.7 9.1
Sparta, [L 2007 .
1L$00 Silt 2.5 6.9 10
Richland, [A 2007 .
[AS06 Silty Clay Loam 4.88 6,53 237
Centerville, SD 2007
SD$05 Sandy Loam 2.1 7.4 12.89
Sorghun:
Sparta, IL 2007 .
1L$08 Silt 25 6.9 0.9
Richland, 1A 2607 .
1AS07 Silty Clay Loam 3.68 6,20 22.5
Larned, KS 2007
KS$03 Sandy Clay Loam 0.7 57 ]
Wheat
Ephrata, WA 2007
WA$20 Loamy Sand 0.8 7.7 11.7
Bernard, TX 2007
A Sandy Clay Loam 0.3 6.9 2.1
St, fohns, KS 2007
KS$21 Sand 0.7 7.7 38
Velva, NI 2007
ND$04 Loam 32 5.6 17.8
These parameters are optional except in cases where their value affects the use pattern for the chemical.
DP# 3563 15/MRID No. 47520713 Page 6 of 16 q4



A4}l Endothall/038901/Interregional Research Project No. 4
IE@“*‘ DACO 6.4, 7.4, 7.8/0PPTS 860,1400/QECD ITIA 8.4.3 and IITA 8.3
Whater, Fish, and Irrigated Crops - Irrigated Corn, Sorghum and Wheat

TABLE B.1.1.2 Water Characterization,
Study site Watt.ar characteristics
Type Hardness/Salinity pH Turbidity Dissolved OM

rsqo*?;f% NY 2006 Well NR NR NR NR
&f;\:}aspl%cll. MN 2007 Well NR NR NR NR
Ezigtligtown, NJ 2006 well NR NR NR NR
IS{;:)‘I;, 1L 2007 Well NR NR NR NR
ﬁ;%lgnd, 1A 2007 Well NR NR NR NR
{Sjgr;tggville, 8D 2007 Well NR NR NR NR
Isf;étsa, IL 2007 Well NR NR NR NR
JRA];IE)I;md 1A 2007 Well NR NR NR NR
;asrgggl, KS 2007 Well NR NR NR NR
i%a;g WA 2007 Well NR NR NR NR
E:{g{a;a, TX 2007 Well NR NR NR NR
;SCté;gi;nS, K8 2007 Well NR NR NR NR
xg;&ND 2007 Well NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No additional irrigation was reported during the study period. The
tests were conducted according to normal agricultural practices for the regions, and information
was provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table

B.12).

TABLE B.1.2. Study Use Pattern.

Location End-Use Application Information

(City, State; Year) Product 1 e Concen. * | Volume |{ SinglcRate [ RTI® | Total Rate
Trial 1D { Method °; Timing (opm) | (gal/A)® | (bae/A)* | (days) | (bae/a)®

Sweet Corn
Sodus, NY 2006 Six broadcast foliar
NY$17 20 ét(’:?f’( gl | oplications from 5+6 true 5.0 27,140 1.13 69 6.75
leaves to mature ears
Campbell. MN 2007 Six broadcast foliar _
MNSI0 20 ]SE():?i{ga] applications from V9 or 5.0 22‘;"%?] 1.1% 6-8 6.91
; V10 to milk stage ’

DP# 356315/MRID No. 47520713 Page 7of 16 qg
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TABLE B.1.2. Study Use Pattern.
¥ acation Application Information
(City, State; Y. End-Use N - ;
ity, State; Year) Product Method " Timin Concen.” | Volume | Single Rate| RT? Totzl Rate
Trial ID g g (ppm) | (gal/A)’ | (bae/A)? | (days) | (Ibaera)?
Field Corn
Baptistown, NJ 2006 2.0 b ae/eal Six broadcast foliar
Ni$18 : SCng applications from milk 5.0 27,154 113 7 6.75
stage (R3) to maturity (R6)
Sparta, L. 2007 Six broadcast foliar
IL$09 2'0&:?{!3&' applications from 13414 3.0 27,154 1.13 6-8 6.77
true leaves
Richland, 1A 2007 Six broadcast foliar
1A%06 2.01b ac/gal | applications from late
SOL dongh (BBCH 85) to 5.0 27,154 1.13 6-8 6.77
maturity (BBCH 8%}
Centerville, SD 2007 Six broadeast foliar
SDS05 20 ]Stgfga' applications from dough 5.0 ?3'3%82 112125 | 67 7.10
slage to maturity Y
Sorghum
Spara, 1L 2007 Six broadcast foliar
11508 20 b a¢lgel | ppplications during seed 5.0 27,154 113 6-8 6.77
head development
Richland, 1A 2007 Six broadeast foliar
1A307 2.0 1b ae/gal | applications from mid-milk
SCAL | (BBCH 75) to maturity A 113 7 6.77
(BBCH 89)
Larned, K.5 2607 Six breadcast foliar
K8%03 2.0 Ib ag/gal | applications from early .
SC/L. | dough (BBCH 83) to 50 4 27161 113 67 6.77
maturity (BBCH 89}
Wheat
Ephrata, WA 2007 Six broadcast foliar
WAS20 20 1b aclgal | applications from sof 50 | 26715 L1l 6-8 6.64
dough to maturity
Bernard, TX 2007 Six broadcast foliar
TX$19 2.01b ae/gal | applications from end of 26,926-
SC/L- | flowering (BBCH 69) to 50 26,938 112 68 6.71
maturity (BBCH 89)
St, Johns, X.5 2007 Six broadcast foliar
K8§21 2.0 1b ae/gal | applications from end of
SC/L | heading (BBCH 39)t0 3.0 27,160 113 6-8 6.77
maturity (BBCH 87)
Velva, ND 2007 2.0 Ib ae/eal Six broadcast foliar
ND$04 ) SCng applications from heading 5.0 26365 1.10 7 6.58
J to maturity

o

All applications were made using overhead sprinkler systems,
The concentration of endothall {in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
The target irrigation rate was | acre inch of water or 27,154 gal/A.
The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ag), the application

volome and plot size.
5 RTI=Retreatment Interval,
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TABLE B.1.3. Trial Numbers and Geographieal Loeations.
NAFTA Sweet Corn Field Corn Sorghum Wheat
g{‘; ‘1’1::2“8 Submitted | Requested' | Submitted | Requested' | Submitted | Requested' | Submitted | Requested’
Cauada| LS. Canada | U.S. Canada [ U.S. Canada | US.
| [ - f - - 1 - ~ - - - -
2 . - 1 1 - 1 - . - - - 1
4 - - - - -- - - - 1 -- -- [
5 I - 3 3 - 12 2 . 3 ! - 3
6 - - - - - I - - 2 I - !
7 - - - - - - I - ! 1 o 4
8 - - —~ - - .- - - 2 - - 4
10 - - 1 -- - - - - - - . -
I - - 1 - - - - - - I - -
Total 2 - 9 4 -- I3 - - 9 4 - 15

% Zomes 1A, 5A and B, 7A and 14.20 were not included das fhe use is for UL.S. only.

B.2. Sample Handling and Preparation

Based on EPA OPPTS Guideline 860.1500. Indicates a 23% reduction for a crep group.

Samples of each sweet corn commodity, field corn grain and stover, and sorghum grain and
stover were harvested at 0 DAT after the sixth application, and wheat grain and straw were
harvested at ¢ or | DAT after the sixth application, Samples of field corn forage, sorghum
forage and wheat forage and hay were harvested 0 days after the second or third application.
Duplicate control and treated samples of each commodity (1 Ib/sample) were collected from the
respective tests and placed in frozen storage at each test facility within 2.5 hours. Prior to
storage, samples of sweet corn stover were dried for 2-8 days, samples of sorghum stover were
dried for 1-2 days, and samples of wheat hay were dried for 1-6 days. The collected samples
were stored frozen at the field sites for 7-55 days. Samples were then shipped by ACDS freezer
truck to the analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored

frozen (<-18EC) prior to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on grain, forage, stover and sweet corn K+CWHR were
determined using a LC/MS/MS method (Method No. KP-242R 1) entitled “Analytical Method for

Determination of Endothall in Crops”, issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3POs at 100-
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v/v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (4:1,v/v). Residues were analyzed by

DP# 356315/MRID Ne. 47520713
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' Waler, Fish, and Irrigated Crops - Iitigated Comn, Sorghum and Wheal

LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothal}
in/on forage and hay is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this value
was the instrument LOD, rather than the LOD of residues in a control matrix.

Control sampies of wheat grain and corn grain, forage and forage w/ ears were fortified with
endothali at 0.05-5.0 ppm for method validation, For concurrent recoveries, control samples
were fortified with endothall at 0.05-4.0 ppm for forage, hay, stover and straw, 0,05-2.0 ppm for
grain and K+CWHR.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothail in/on cereal grain
commodities was adequately validated prior to and in conjunction with the analysis of field trial
sampies. Average method validation recoveries (+SD) were 88 + 6% for corn grain, 96 + 7% for
corn forage, 92 + 5% for corn forage with ears, and 75 £ 3% for wheat grain (Table C.1).
Average Concurrent recoveries for each commodity were 75-95% with standard deviations of 4-
15%. Apparent residues of endothall were <LOQ in/on control samples of each matrix.
Adequate sample calculations and example chromatograms were provided, and the fortification
levels used for the method recoveries were similar in magnitude to the measured residue levels.

Samples were stored at <-18°C for up to 238 days prior to analysis (Table C.2). Adequate
storage stability data are available indicating that endothall is stable for up to 465-469 days in
frozen tomatoes, lettuce, corn grain and sugar beet roots and up to 316 days in frozen soybeans
(47520719.der, under review), These stability data will support the storage durations and
conditions for the current cereal grain fieid trials.

In the sweet corn field trials, endothali residues at 0 DAT were <0.05-0.17 ppm in/on 4 samples
of K+CWHR, 0.52-1.28 ppm inon 4 samples of forage without ears, 0.40-1.06 ppm infon 4
samples of forage with ears, and 0.58-5.06 ppm in/on 4 samples of stover with ears (Table C.3).
Average endothall residues were 0.11 ppm for K+CWHR, 0.91 ppm for forage without ears, 0.71
ppm for forage with ears, and 2.76 ppm for stover with ears (Table C.4). The HAFT residues
were 0.17 ppm infon K+CWHR, 1.23 ppm in/on forage without ears, 0.97 ppm in/on forage with
ears, and 4.88 ppm in/on stover with ears.

In the field corn field trials, endothall residues at 0 DAT were 0.21-0.42 ppm in/on 8 samples of
forage harvested after only 2 or 3 applications (2.26-3.38 Ib ae/A). Foliowing all six applications
(6.75-7.10 b ae/A), endothall residues at 0 DAT were <0.05 ppm in/on 8 samples of grain and
1.07-3.48 ppm infon 8 samples of stover. Average endothall residues were 0.33 ppm for forage,
<0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were 0.385 ppm in/on forage,
<0.05 ppm in/on grain, and 3.19 ppm infon stover.

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm in/on 6 samples of
forage harvested after only 2 or 3 applications (2.26-3.38 lb ae/A). Following ali six applications
{6.77 1b ae/A), endothall residues at 0 DAT were 0.49-1.41 ppm in/on 6 samples of grain and

DP# 3563 15/MRID No, 47520713 Page 10 of 6
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0.81-7.19 ppm infon 6 samples of stover. Average endothall residues were 1.26 ppm for forage,
1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2,67 ppm in/on forage,
.21 ppm infon grain, and 4.90 ppm in/on stover.

In the wheat field trials, endothall residues at 0 DAT were 0.63-2.27 ppm inv/on 8 samples of
forage and 1.00-3.09 ppm in‘on & samples of hay harvested after only 2 or 3 applications (2.19-
3.39 1b ae/A). Following all six applications (6.58-6.77 1b ae/A), endothall residues at O or |
DAT were 0.20-2.01 ppm in/on 8 samples of grain and 0.61-2.76 ppm infon § samples of straw,
Average endothall residues were 1.15 ppm for forage, 1.94 ppm for hay, 0.71 ppm for grain, and
1.83 ppm for straw. The HAFT residues were 2.13 ppm in/on forage, 3.09 ppm in/on hay, 1.91
ppm in/on grain, and 2.74 ppm in/on straw.,

No phytotoxicity was reported on any of the cereal grain crops. Common cultural practices were
used to maintain plants, and the weather conditions and maintenance chemicals and fertilizer
used in this study did not have a notable impact on the residue data.

TABLE C.1.  Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal
Grains
Crop Matrix Spike Level Sample Size Recoveries Mean % 5td. Dev.
{ppm) (n} (%) {%
Method Validation
0.05 3 96, 81, 93 00+8
: 0.5 3 80, 92, 90 876
Grain
5.0 3 88, 86, 83 8643
Total 9 80-96 88+6
0.05 3 100, 105, t08 104+ 4
0.5 3 96,93, 88 92 +4
Corn Forage
5.0 3 89, 98, 87 916
Total b 87-108 96 +7
0.05 3 91, 93, 90 912
Forage with 0.5 3 87,93, 90 90 % 3
ears 5.0 3 104, 87,90 94+ G
Total 9 87-104 92 +5§
0.05 3 75,76, 73 : 752
Whear Grain 0.5 3 76,72, 72 732
5.0 3 83,73, 77 78%5
Total 9 72-83 75+£3
DP# 3563 {5/MRID No. 47520713 Page 11 0f 16
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' Water, Fish, and Irrigated Crops - Irrigated Corn, Sorghum and Wheat
TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal
Grains
Crop Matrix Spike Level Sample Size Recoveries Mean & Std. Dev.
{(ppm) (1) (%) (%)
Concurrenf Recoveries
Corn 0.05 6 71,97, 80, 74, 108, 70 83+£16
0.5 ] 8s 85
Forage 1.0 2 82,75 795
2.0 3 84,87, 73 817
TFotal 12 70-108 82411
0.05 2 100, }1} 106 8
Forage with 1.0 1 90 90
cars 2.0 1 78 78
TFotal 4 78-111 95+ 14
0.05 4 76,72, 70,70 72x3
Grain 02 2 74, 81 78%5
0.5 2 78,70 Mx6
TFotal 8 70-81 T4x4
(.05 2 94, 105 100+8
K+CWHR 0.5 1 80 80
20 1 71 71
Tatal 4 T1-105 88+ 15
0.05 6 76,77, 88, 110, 81, 81 8613
1.0 4 9, 79, 73, 75 79+ 8
Stover 20 ] 84 84
4.0 } 82 82
Total i2 73110 8314
Sorghum (.05 3 75, 88, 95 86 = 10
0.5 1 75 75
Forage 1.0 1 71 N
4.0 1 106 106
Total 6 71-106 85+ 14
0.03 3 31,72, 1 FES
Grain 0.5 1 75 75
1.0 2 80, 72 76+ 6
Total 6 72-81 76+ 4
0.05 2 72, 85 79x9
Siover 1.0 2 79, 71 75£6
Total 4 71-85 Tix7

DP# 35631 5/MRID No. 47520713
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TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal
Grains
Crop Matrix Spike Level Sample Size Recoveries Mean « Std. Dev.
(ppm) (n) (%) (%)
Wheat 0.05 4 70, 78, 72, 85 76+ 7
Forage 1.0 2 80, 74 T7x4
2.0 2 76, 80 Bx3
Total 8 70-85 e
0.05 4 79, 80, 71, 80 78+ 4
0.5 2 71,70 711
Grain 1.0 1 77 77
20 1 72 72
Total 8 70-80 REX !
0.05 4 70, 70, 73, 70 Tl+2
0.1 1 74 74
Hay 1.0 1 [13 113
20 1 74 74
4.0 1 73 73
Total 8 70-113 77+ 15
0.05 4 78,72,72,73 T4+ 3
2.0 2 72,72 72
Straw 3.0 1 80 90
4.0 1 76 76
Total 8 72-90 76£6

Standard deviations are calculated for data sets having 23 values.

TABLE C.2. Summary of Storage Conditions.
Crop Malrix Storage '(I;ecr;lpermurc Actual S?glz;g;; lDurattion Interval gt; ;?);Tt;n(zt;;gg Storage
Comn K+CWHR 50238
forage 45-237
grain 44-139
stover 42.236
Sorghum forage 69-83
grain =18 51-61 316-469
stover 34-61
Wheat forage 50-113
grain 54-86
hay 42-104
Straw 55-85

Interval from harvest to extraction for analysis. Exlracts were stored 0-10 days prior to analysis.
Z Based on storage stability data from frozen tematoes, lettuce, corn grain, sugar beet roots, and soybean seeds (47320719.der,

under review).

DP# 35631 5/MRID No. 47520713 Page 13 of 16
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TABLE C.3. Residue Data from Crop Field Trials with Endothall,
; Total Rate !
?(;11:]; ,lsDtatc; Year) Zone | Crop; Variety Matrix I (}i}:—;i) Residues (ppm) * ¢
Sweet Corn
Sodus, NY 2006 K+CWHR 0.05 <0.05
NY$17 ] Sweet corn; | Forage (w/o ears) 5.0 675 0 0.52 0.65
Speedy Sweet [ Forage (wiears) ' ‘ 0.49 0.40
Stover {w/cars) 0.69 0.58
Campbell. MN K+CWHR 0.17 0.17
i?]g;m 5 Swvei:;ﬁ?;m Forage (wio ears) 50 6.91 0 1.18 1.28
Forage (w/ears) 0.88 1.06
Stover {w/ears) 4.70 5.06
Field Corn
Baptistown, NJ . ) Forage 3.38° 0.40 0.28
2006 2 | R Grain so 0 ©.04)° T (0039)°
Stover 348 2.8
Sparta, 11, 2007 . Forage 0.31 0.34
L3509 5 Fﬂ%‘é ICE:,;" Grain 50 | 6717 0 <0.05 <0.05
Stover 1.56 1.39
Richland, 1A 2007 . Forage 2.26° 0.35 0.42
1A306 s | FigaCom Grain 50 [ .o 0 <005 <0.05
Stover ’ 2.07 2.37
Centerville, SD _ Forage 2.40° 0.36 0.21
2007 s 5| e sim Grain U N 0 <0.05 <0.05
Stover 1.07 1.81
Sorghum
Sparta, 112007 Forage 3.38¢ 3.05 229
1L.508 5 gf{ff‘b“:; Grain so | 0 1.41 0.91
Stover 2.60 7.1
Richland, 1A 2007 Forage 3.38°¢ 0.96 0.57
1as07 5 et Grain S 0 0.49 0.80
Stover ' 1.1] 0.81
Larned, KS 2007 Sorghun Forage 2.26° 0.29 0.4
KS$03 7| pionce, 87GS7 Grain 5.0 677 0 1.23 1.18
Stover 3.10 2.65
Wheat
Ephrara, WA 2007 Forage 5913 0.74 0.63
WA$20 1 Winter Wheat, Hay 5.0 0 1.00 1.11
Stevens Grain ' 664 0,20 0.25
Straw 2.20 1.93
Rernard, TX 2007 Forage 5941 0 1.99 2.27
TXS$19 ¢ | Winter wheat; Hay. o 3.09 3.09
Fannin Grain 671 . 2.01 1.80
Straw 2.72 2.76

DP# 35631 5/MRID No. 47520713
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TABLE C.3. Residue Data from Crop Field Trials with Endothall.
Trial ID , . Total Rate ' PHI )
(City, State; Year) Zone | Crop; Variety Matrix T van (days) Residues (ppm) % ®
St, Johns, K8 2007 Forage 2263 0.84 0.89
K§s21 s | Winter Wheat; Hay 5o L339 o 131 1.62
Jagger Grain 677 0.32 0.32
Straw 1.49 1.38
Velva, ND 2007 Forage 2.18° 0.89 0.94
NDS$04 7 Spring Wheat, Hay 50 329¢ 0 224 209
Glenn Grain ‘ 6.58 0.30 0.47
Straw ’ 1.52 0.61

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount (Ib as/A) applied.
Expressed in acid equivalents. The lower level of method validation (LLMV) is 0.05 ppm.

Harvcsted after only two applications.

Harvested after only three applications.

The raw data listed residues <LLMV for field corn grain, but only for the grain samples from one test. All other results are
noted only as <0.05 ppm, i.e. <LLMV.

3 The two tesults for each field trial represent two samples taken from a single plot, not two plots.

oo oW M

TABLE C4.  Summary of Residne Data from Cereal Field Trials with Endothall,
s 2
Commodity TDI;I Ap?lie‘ 5 Al . s Le"'jls (p}:;:z)dian Mean
ate (days) n Min, Max, HAFT (STMAR) | (STMR) Std. Dev.
Sweet Corn
K+CWHR 5 ppm 0 2 0.05 0.17 0.17 0.11 0.11 0.085
Forage w/o ears | (0-796.91) 0 2 0.585 1.23 1.23 0.908 0.908 0.456
Forage w/cars 0 2 0.445 0.97 0.97 0,708 0.708 0.37]
Stover w/ears )] 2 0.635 4.88 4.88 2.758 2.758 3.002
Field Corn '
Forage (2‘256?;’;‘8) . 0 4 0.285 0.385 0.385 0.334 0.334 0.041
Grain 5 ppm 0 4 0.04 0.05 0.05 0.05 0,05 0.005
Stover (6.75-7.10 0 4 1.44 3.19 3.19 2.08 2.08 0.82
Sorghum
Forage @ 255}-)3?. anS) 0 3 0.35 2.67 2.67 1262 1262 | 1237
Grain 5 ppm 0 3 0.645 131 121 1.00 1.00 0.311
Stover (677} 0 3 0.96 4.90 4.90 291 2.91 197
Wheat

Forage 5 ppm 0 4 0.685 2.13 2.13 1.15 1.15 0.662
Hay (219339 [ 4 1.055 3.09 3.09 1.94 1.94 0.89
Grain 5ppm 0-1 4 0.32 1.91 1.91 0.71 0.71 0.800
Straw (6.58-6.77) 0-1 4 1.07 2.74 2.74 1.83 1.83 0.74
AGF 1 20.3 203 20.3 203 203 NA

The value in parenthescs is the total application rate in terms of b ac/A.

2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all calculations, the LOQ was used for all values
reported <LOGQ.

} HAFT = Highest Average Field Trial.
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? Field corn forage, sorghum forage, and wheat forage and hay were harvested after only two or three applications.

D. CONCLUSION

The available field trial data are adequate with respect to the following cereal grain commodities:
all sweet corn commodities; field corn grain and stover; sorghum grain and stover; and wheat
grain and straw, The data support the use of endothall-treated water for irrigation of cereal
grains, except rice. The data support the use of endothall in irrigation water at a concentration of
5 ppm ae, with no more that six applications per season, and a minimum 7-day interval between
applications to the water. Residues on cereal crops are determined at a 0-day PHI.

However, the residue data on field corn forage, sorghum forage, and wheat forage and hay are
not adequate because these commodities did not receive all six possible applications prior to
harvest. Separate plots should have been set up using earlier applications of endothall-treated
water in order to allow for all six applications to be applied prior the normal harvest of these

commoditics.
E. REFERENCES

None
E, DOCUMENT TRACKING

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419
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Primary Evaluator 4/%7 e / _ﬁl 4/{ Date: S June 2009
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David Soderberg, Chemist, HED, RABV

Approved by {,U AM G) / . W Date: 5 June 2009

William Donovan, Senior Scientist, HED,
RABV

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suvite B, Durham, NC 27713, submitted 4/1/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised to reflect current Office of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520713, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Grain
Cereal Group (Except Rice): Lab Project Number: Z9768. Unpublished study prepared by
Interregional Research Project No. 4. 590 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted corn, sorghum and wheat processing
studies reflecting the exposure of these crops to endothall through the use of treated irrigation
water. For each study, separate field trials were conducted during the 2007 growing season on
field corn in IL (Zone 5), grain sorghum in KS (Zone 7), and wheat in TX (Zone 6). For each
field trial, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation of endothall (monoamine salt)
was used to treat the irrigation water at a rate of S ppm ae. [In order to avoid the complications
of different molecular weights for different salts, endothall concentrations are expressed as the
free acid equivalents (ae).] The treated water was then applied using overhead sprinklers to each
crop as six broadcast foliar applications during grain development and maturation at retreatment
intervals (RTIs) of 6-8 days. A volume equivalent to 1 acre inch of water (~27,154 gal/A) was
applied for each application. Based on the concentration of the endothall in the irrigation water
and the amount of water applied, the application rate for endothall was equivalent to 1.12-1.13 Ib
ae/Alapplication. The total seasonal application rate was 6.77 1b ae/A for the field corn and
sorghum trials and 6.71 Ib ae/A for the wheat trial.

Single bulk control and treated samples of mature grain were harvested from each crop at normal
maturity, on the day of the last irrigation (0 day after treatment, DAT). The grain samples from
each crop were processed using simulated commercial procedures. The corn grain was
processed into grits, meal, flour and oil by dry-milling and into starch and oil by wet-milling,
The sorghum was processed by dry-milling into flour. The wheat grain was initially cleaned to
generate aspirated grain fractions (AGF) and was then milled into germ, bran, middlings, shorts
and flour. Samples of each grain, AGF and each processed fraction were stored at <-10°C for up
to 79 days prior to analysis. The sample storage intervals and conditions are supported by the
available storage stability data.

DP# 3563 15/MRID No. 47520713 Page | of 12 305
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Water, Fish, and Irrigated Crops — Corn, Wheat and Sorglium processing studies
Residues of endothall {free acid) in/on cereal grains, wheat AGF, and each processed fraction
were determined using an adequate LC/MS/MS method {Method No, KP-242R 1). With the
exception of corn oil, residues were extracted with water and then derivatized with heptafluoro-
p-tolylhydrazine (HFTH) in 50% H3PO4. Oil samples were diluted with water and partitioned
against hexane, and the remaining aqueous soluble residues were then derivatized with HFTH.
The derivatized residues from each matrix were cleaned up by partitioning into methy! t-butyl

ether (MTBE) followed by elution through an amine solid phase extraction (SPE) cartridge.
Residues were then analyzed by LC/MS/MS using external standards for quantitation.

In the corn grain processing study, endothall residues were <0.05 ppm (<L.OQ) infon the com
grain (RAC) and all its processed fractions. Although processing factors could not be
determined for any processed corn fractions, there was no indication of endothall residues
concentrating in processed corn commodities.

In the sorghum processing study, endothall residues were 1.49 ppm in/on sorghum grain (RAC)
and 1.09 ppm in sorghum flour, indicating that residues were reduced in flour by 0.7x.

In the wheat processing study, endothall residues were 1.34 ppm infon the bulk sample of grain
and 20.3 ppm infon the composited AGF sample, for a concentration factor of 15x for wheat
AGF. Following processing, endothall residues were 3.44 ppm in germ, 3.10 ppm in bran, 1.14
ppm in middlings, 0.75 ppm in flour, and 1.81 ppm in shorts. The resulting processing factors
were 2.6x% for germ, 2.3x for bran, 0.9x for middlings, 0.6x for flour, and 1.4x for shorts.

STUDY/WAIVER ACCEPTABILITYX/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the corn, wheat and sorghum processing
studies are classified as scientifically acceptable. The acceptability of this study for regulatory
purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document,

DP# 356315.

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and amine
(PC Code 038905) salts are registered primarily as aquatic herbicides for the control a variety of
plants in water bodies, including irrigation canals. They are also registered for desiccation/
defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for
reduction of sucker branch growth in hops. Permanent tolerances are established for the

DP# 356315/MRID No. 47320713 Page 2 of 12
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combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, fish,
dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR §180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted a processing studies for field corn, sorghum and wheat reflecting irrigation of
these crops with endothall-treated water. The chemical structure and nomenclature of endothall
and its monoamine salt are listed in Table A.1. The physicochemical properties of technical
grade endothall and its monoamine salt are listed in Table A.2.

Table A.I. Nomenclature of Endothall and its Monoamine Saji.

Chemical Structure O
OH
OH
O
Common namnc Endothall
Molecular Formula CgH100s
Molecular Weight 186,16
1UPAC name 7-oxabicyclof2.2. 1 heptane-2,3-dicarboxylic acid
CAS name 7-oxabicyclof2.2.]1]heptane-2,3-dicarboxylic acid
CAS# 145-73.3
PC Code 038901
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
Registration
Chemical Structure O
- HC
© N cH e
- n)CH
OH / Aw)CH;
H,C
O {n=7-17)

Common pame

Endothall, mono-N,N-dimethylalkyl amine salt

Molecular Formula

Not available

Molecular Weight

Average: 422

1UPAC name 7-oxabicyclel2.2.1]heptane-2,3-dicarboxylic acid, compound with N, N-dimethylcocoamine
CAS name Not available

CAS# 66330-88-9

PC Code 038905

Current Food/Feed Site
Registration

Cotton, hops, potate, alfalfa grown for sced, aquatic uscs

DP# 3563 15/MRID No. 47520713

Page 3 of 1

2

31¢

ol



e

Z#f Endothall/038901/Interregional Research Project No. 4
3 DACO 6.4, 7.4, 7.8/0PPTS 860.1400/OECD I111A 8.4.3 and T11IA 8.3
Water, Fish, and Irrigated Crops ~ Corn, Wheat and Sorghum processing studies

Table A.2, Physicochemical Properties of Endethall and ¥ts Monoamine Salt.

Parameter [Value | Reference

Endothall (acid)

Melting point 108-110C D187593, D187590, and D187588,
5/5/93, K. Dockter

pH 2.7 at 25°C (1% solution) D187543, 0187590, and D187588,

5/5/93, K. Dockter

Density, bulk density, or specific
gravity

0.481 g/em® (bulk) at 25

D187593, D187590, and D187588,
5/5/93, K. Dockier

Water solubility a1 25C

109.8 /L.

13.1 g/100 mL in waler, pH 5
12.7 /100 mL in water, pH 7
12.5 g/108 mL in water, pH 9

D166798, 7/2/92, K. Dockter
207011, 9/30/94, F. Toghrol

Solvent solubility a1 25T

3.4 g/100 mL. in acetonitrile
2.4 /100 mL in n-octanol
16.0 g/100 ml. in tetrahydrofuran

1207011, $/30/94, F. Toghrol

Vapor pressure

3.92 x 10 mm Hg at 24.3T

D166798, 7/2/92, K. Dockter

Drissociation constant, pK,

4.32 for Step 1 and 6,22 for Step 2 at 20T (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 10 umho within 3-5 minutes at 325,
by corductivity meter

D188708, 5/3/93, K. Dockter

Octanol/water partition coefficient

Not applicable to endothall acid

D166798, 7/2/92, K. Dockier

UV /visible absorption spectrum

Not available

Endothall, mono-N,N-dimethylalkyl amine salt

Boiling point

Not available

pH

5.2 at 25 C (1% solution)

D187593, D187590, and 187588,
5/5/93, K. Dockter

Density, bulk density, or specific
gravity

1.028 g/mL at 25T

DI187593, D187590, and D 187588,
5/5/93, K. Dockier

Water solubility at 25°C

2492 g/100mL in water, pH §
251.6 g/100 mL in water, pH 7
>49.8 g/100 mL in water, pH 9

D210814, 8/9/95, 5. Knizner

Solvent solubility at 25T

>102.5 p/100mL in acetonitrile
>95.4 o/100 mL in n-octanol
2164.3 /100 mL in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 x 10 mm Hg at 25C (calculated; mixed
mono- and dialkylamine (CR-C20))

206344, 9/22/94, F. Toghrol

Dissociation constant, pK,

4,24 for Step 1 and 6,07 for Step 2 at 20°C for
mixed mono- and dialkylamine (CB-C20} in
acidified ethanol/waler; dissociation complete
G317 minutes (1.7 x 10° umho) at 25C

1988385, 4/7/94, F. Toghrol

Cetanol/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 107 M and
8.9x10° M, at25C

2209995, 1/20/95, L.. Edwards

UV/{visible absorption spectrum

Not available

B. EXPERIMENTAL DESIGN

B.1. Application and Crop Information

In three field trials conducted in IL, KS and TX during 2007, separate fields of field corn,

sorghumn and wheat were irrigated with endothall-treated water using overhead sprinklers (Table
B.1.1). The irrigation water was treated with endothall (2.0 Ib ae/gal SC/L monoamine salt) at a
concentration of ~5 ppm, acid equivalent. Each cereal grain crop was irrigated six times during
seed head formation and development at RTIs of 6-8 days. A volume equivalent to ~1 acre inch

Page 4 of 12
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of water (27,154 gal/A) was applied for each irrigation. Based on the concentration of the
endothall in the irrigation water and the amount of water applied, application rate for endothall
was equivalent to 1.12-1.13 Ib ae/A/application, for a total of 6.7-6.77 Ib ac/A/season (Ix target

rate).

TABLE B.1.1. Study Use Pattern.

Location End-Use Application Information

(City, Slate; Year) Volume | Single Rate RTI® | Total Rate

N Product I 1
Trial ID Method s Timing | Concen-* + ooy ay3 | “Ubae/A)* | (days) | (b ac/A)®
Corn Field Trial

Sparta, 1L 2007 | 2 0 1h aefgal | SiX broadeast foliar
1L$09 : scn_g applications from 13-14 5.0 27,154 113 6-8 6.77
true leaves

Sorghum Field Trial

Larned, KS 2007 Six broadcast foliar
KS503 2.0 Ib aefgal | applications from early

SCAL dough (BBCH 83) to 5.0 27,161 113 6.7 6.77
maturity (BBCH 89)

Wheat Field Trial

Rernard, TX 2007 Six breadcast foliar r T
TX319 2.01b ae/gal | applicalions from end of 5.0 26,926- L 6.8 671
SC/L flowering (BBCH 6%) to ' 26,938 ) ) :
maturity (BBCH 89) _L

All applications were made using overhead sprinkler systems.

The concentration of endothall {in acid equivalents} in the irrigation water. No adjuvants were included in the irfigation water.
The target irrigation rate was 1 acre inch of waler or 27,154 gal/A.

The equivalent field use rates were calculated by the reviewer based on the conceniration of the endothall (ae), the application
volume and plot size.

* RTI=Retreatment Interval.

oW ok

B.2. Sample Handling and Processing Procedures

Single control and treated bulk samples of corn grain (~300 lb/sample), sorghum grain (~50
Ib/sample), and wheat grain (472-615 Ib/sample) were harvested at 0 DAT. The grain samples
were stored frozen at the field sites and shipped 7-21 days later by ACDS Freezer truck to the
processing facility, GLP Technologies (Navasota, TX), where the samples were stored at <-12°C
until processing. Processing of each grain sample was completed within 23-52 days of harvest.

For com grain, the bulk samples were dried and cleaned by aspiration and screening, but no AGF
sample was collected. The cleaned corn grain was dry-milled in grits, meal, flour, bran and
germ, and the germ was then extracted for oil (Figure B.1). A separate subsample of corn grain
was also wet-milled into starch and germ, with the germ being extracted for oil.

The bulk samples of sorghum grain were dried and cleaned by aspiration and screening, but no
AGFT sample was collected. The cleaned grain was then processed into flour by dry-milling

(Figure B.2)

The bulk sample of wheat grain also cleaned by aspiration and screening, and the resulting AGF
was separated into the following particle size classes: <425 pm, >425 um, 850 pum, 1180 um,

DP# 356315/MRID No., 47520713 Page $ of 12
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>2000 pm, and >2360 um (Figure B.3). The fractions <2360 um were recombined to form the
AGF sample. The cleaned wheat grain was then milled into the following fractions: germ,

middlings, bran, flour and shorts (Figure B.4).

Following processing, the samples of grain, AGF and each processed fraction were transferred to
frozen storage (<-12°C). The frozen samples were shipped, 2-7 days after processing, by
overnight courier on dry ice to the analytical laboratory, United Phosphorus, Inc. (King or
Prussia, PA), where the samples were stored at <-18°C until analysis.

FIGURE B.1. Processing Flowchart for Field Corn

Sample # 2 {¥roated, Jrt. §2)

WHOLE CORN 3027 1bs.
1

Dryig 2896 fhs DRIED CORN

asgeation Q.6 1bs. LIGHT IMPURITIES
Screenmp 151 ¢ LARGE SCREENINGS

2.31bs. SMALL SCREEMINGS

CLEANED CORN 246.0 tbs,

Cleaney Corn Ord biled 3573108,
Storpwty _13.09 15 water added

Cregermmation, Dinying,
Soreenaryg. Aspiraion,

and Sepatron
A8.11bs. LARGE GRITS
' 280 1bs. GRITS
. 23 1bs. MEAL
] 4§ Ibs. FLOUR
] 10.0 Ibs. BRAN

GERM 150 Ibs. (Dried to 138 Ibs.}
i
Caritigrng. 136 Ibs. Germ Conddinmad
Fiaking,
& Saiven) Exeachon
i

CRUDE OH, 3. EXT. GERM FLAKES
694 ¢ 120 Ios.
14 g Refined 28 4 g Nall adced
REFINED DH. SOAPSTOCK
241 ricTs)

Claanad Corn Wel Mifled _128.7 Ibs

|
Sl.aepi{'\a 1909 1bs. water adoed

Drdineg STEEPWATER _tdgat
i

Steeped Com
| 199 .8 |be.

Dagerminatan, Sepirakon,
Serowning, antd YWater ‘AWaahng

Salubles {from sleepmng™
2.7 tbs.

| 14§ bs. FIBER"  86.% |bs. STARCH*
7.5tbs. GLUTEN* 7.2 'bs. GERM

Flaking, Condliiermy.  Germ pressed 7.2 ibs.

& Eapeling Waler ackled 2674 ¢
CRUDE OIL PRESSCAKE 5.9 fhs.
£ilg
Sobypnl Extrartina
rraniee I
CRUDE Oh, 5. EXT. MEAL
5829 4.8 hs.
]
Ralning
087 o Refined 47 % g NaOH addes

REFINED OIL 0929 SOAPSTOCK 149

¢ Caloulptod amounts bascd oo commenc!
recovery perceniages and starling walght of
coen used for wat midling.

DP# 3563 15/MRID No. 47520713
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FIGURE B.2, Processing flowchart for Grain Serghum

Sample # 2 {Troated, Trk 02)
GRAIN SORGHUM 43,3 ibs.
Drying 39,8 s, after drying
.Asqlitalien _3.5 ibs. LIGHT IMPURITIES
sooang 103 9. LARGE SCREENINGS

3.8.ibs. SMALL SCREENINGS
32.2ibs. CLEANEO SEED

f
Docotmaton 2.0 _fhs. used

T T ]
BRANG Y Ibs BREAK FLOUR 1.2ibs  REDUCTION FLOUR 1.2ibs

2.3 ibe COMBINED FLOQUR

5.9 bs. Waste materigt

FIGURE B.3. Processing flowchart for Wheat Aspirated Grain Fractions.
COMMODITY _477.7 ibs,

|
myi:ng nfa_ths. (ne drying}

47 7.7 ibs, used forgenaration

M;E‘.mﬁm 0.2 b

Classficaton

_ ASPIRATED GRAIN FRACTION > 2380 micron _16.9.9
_ASPIRATED GRAIN FRACTION > 2000 micron 204

L _ASPIRATED GRAIN FRAGTION > {180 mlcron _1.8g
L _ASPIRATED GRAIN FRACTION » 858 micron _0.7g
L ASPIRATED GRAIN FRACTION > 425 micron  _7.6 g

L-ASPIRATED GRAIN FRACTION <425 micron _388¢g

REGOMBINATION

2.0.g < 2360 micron and > 2000 rmicion
1.8.g> 1180 micron

0.7.g > 850 micron

7.5 g > 425 micron
38,7g < 425 mioron

ASH CONTENT: 8.2 %

DP# 356315/MRID No, 47520713 Page 7 of 12

3145

i



Fwf Endoihall/038901/Inlerregional Research Project No. 4
:-_--_,-—__§"E DACO 6.4, 74, 7.8/0PPTS 860.1400/0ECD IIIA 8.4.3 and 11TA 8.3
‘ Waler, Fish, and Irrigated Crops — Com, Wheat and Sorghum processing studies

FIGURE B.4. Processing Flowchart for Wheat Grain.
Sample # _2Z {Trn, 02, Treated)

WHOL!IE WHEAT 4712 1bs.
Ner Cirpig Reguired
aspiration 5.7 Ibs. LIGHT IMPURITIES

Screening (.8 Ibs. LARGE SCREENINGS
54.2 1bs. SMALL SCREENINGS

GERM RECOVERY~— —— = MILLING
_200.01bs, used 20.0 ibs. used
10.5 Ihs. water addec §49.4 g water pdded
Conditinning & Recavery {Bresking & Stavirgt)
GERM
0.8 lbs r ;|
BREAK FLOUR MIDDLINGS BRAN
5.9 ibs. 9.7 Ibs. 5.51bs
| .G Feg romrreed for swarnple !
{Reduction & Sieving) Bran Cleaniag
REDUCTION FLOUR SHORTS BRAN
3.0 b, 3.7.bs. 5.4 1hs.

Reguction and Break Flour combined 1o produce 8.8 1bs of Flour

B.3. Analytical Methodology

Residues of endothall (free acid) infon cereal grain and cereal grain processed fractions were
determined using a LC/MS/MS method (Method No. KP-242R1) entitled “Analytical Method for

Determination of Endothall in Crops”, issued 5/4/2007.

With the exception of corn oil, residues were extracted twice by homogenization with water
followed by centrifugation and filtering. For corn oil, the sample was mixed with water and
pariitioned three times against hexane, discarding the hexane phases. The aqueous soluble
residues from each fraction were then derivatized with HFTH in 50% H3PO;4 at 100-120°C for 90
minutes. After cooling, the derivatized residues were then partitioned into MTBE, evaporated to
dryness, and reconstituted in hexane:MTBE (1:1 v/v). Residues were next cleaned using an
amine SPE cartridge eluted with methanol:MTBE (4:1,v/v). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall

DP# 356315/MRID Ne. 47520713 Page 8 of 12
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in/on each commodity is .05 ppm. An LOD of 0.00001 ppm was reported; however, this value
was the instrument LOD, rather than the LOD of residues in a control matrix.

For method validation, control samples of comn grain and flour and wheat grain and bran were
each fortified with endothall at 0.05-5.0 ppm and control samples of wheat AGF were fortified
with endothall at 0.05-20 ppm. For concurrent recoveries, control samples of the various
commodities were fortified with endothall at 0.05-4.0 ppm.

C. RESULYS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall infon cereal grains,
processed fractions, and wheat AGF was adequately validated prior to and in conjunction with
the analysis of processing study samples. Average method validation recoveries (£SD) were 88
+ 6% for com grain, 78 £ 9% for corn flour, 78 + 3% for wheat grain, 79+ 6% for wheat bran,
and 80 £ 9% for wheat AGF (Table C.1). Average concurrent recoveries were 73-87% from
corn commodities, 75-78% from sorghum commodities, and 74-78% from wheat commodities.
Apparent residues of endothall were <LOQ in/on control samples of each matrix, with the
exception of wheat AGF. The control sample of wheat AGF had apparent endothall residues at
0.105 ppm. Adequate sample calculations and example chromatograms were provided, and the
fortification levels used for the method recoveries were similar in magnitude to the measured
residue levels.

Samples were stored at <-18°C for up to 79 days prior to analysis (Table C.2). Adequate storage
stability data are available indicating that endothall is stable for up to 465-469 days in frozen
tomatoes, lettuce, comn grain and sugar beet roots and up to 316 days in frozen soybeans
(47520719.der, under review). These stability data will support the storage durations and
conditions for the cereal grain processing studies.

Following six overhead sprinkler applications of endothall (monoamine salt) to field corn at rates
totaling 6.77 b ae/A, residues in whole grain (RAC) were <0.05 ppm at 0 DAT, and the residues
were also <0.05 ppm in all the resulting processed fractions (Table C.3). Although processing
factors could not be determined for any processed corn fractions, there was no indication of
endothall residues concentrating in processed corn commodities,

Following six overhead sprinkler applications of endothall (monoamine salt) to grain sorghum at
rates totaling 6.77 1b ae/A, residues were 1.49 in/on whole grain (RAC) harvested at 0 DAT.
Residues were 1.09 ppm in flour, indicating that residues were reduced by 0.7x in sorghum flour.

Following six overhead sprinkler applications of endothall (monoamine salt) to wheat at rates
totaling 6.71 1b ae/A, residues were 1.34 in/on the bulk sample of wheat grain (RAC) harvested
at 0 DAT. After cleaning and aspiration of the grain, residues in the composited sample of AFG
were 20.3 ppm. Residues concentrated by 15x in the AGF sample indicating that endothall
residues occur primarily as surface residues on wheat grain. Following processing, endothall
residues were 3.44 ppm in wheat germ, 3.10 ppm in bran, 1.14 ppm in middlings, 0.75 ppm in
flour, and 1.81 ppm in shorts. The resulting processing factors were 2.6x for germ, 2.3x for bran,

DP# 3563 15/MRID No, 47520713 Page 9 0f 12
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0.9x for middlings, 0.6x for flour, and 1.4x for shorts. The higher concentration of residues in
wheat bran and germ are further evidence that endothall residues were primarily associated with
the outer surface of the grain.

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal
Grains.
Crop Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
{(ppm) () (%) (%)
Method Validation
Corn 0.05 3 96, 81, 93 908
. 0.5 3 80, 92, 90 87 =6
Grain
5.0 3 88, 86, 83 86=+3
Tatal 9 80-96 886
0.05 3 72,71, 77 T3+3
0.5 3 83,74, 74 78=6
Flour
5.0 3 79, 73, 99 84 = 14
Total g T1-99 78 90
Wheat 0.05 3 75,76, 73 7522
. 0.5 3 76, 72,72 73+2
Grain
5.0 3 83, 73, 77 7835
Total g 72-83 T9+3
0.05 2 79, 100 90
0.3 2 80, 81 81
AGF 5.0 2 M, 73 74
20 3 75,73, 88 79+ 8§
Total g 73-100 80 x90
0.03 3 84,91, 83 864
0.3 3 78,79, 71 764
Bran
5.0 3 74,77, 76 F6x2
Total 9 71-91 FEEY
Concurrent Recoveries
Corn Grain 0.05 1 72 77
0.2 1 81
Cit 0.05 1 71 7
0.5 1 74
Giriis 0.03 ! L, 87
.0 1 101
Meal 0.05 [ 2 74
0.5 1 76
Sorghum Grain 0.05 1 77 75
1.0 1 72
Flour 0.05 ! 72 78
1.0 1 76

DP# 356315/MRID No. 47520713
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TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal
Grains.
Crop Matrix Spike Level Sample Size Recoveries Mean £ Std. Dev,
{ppm) (n) (%) (%)
Wheat Grain 0.05 4 71 24
1.0 1 77
Middlings 0.03 1 L 78
2.0 1 77
Flour 0.05 ! 73 74
0.5 1 L
Germ 003 ! 73 74
3.0 1 75
Shorts 005 L 77 75
4.0 1 73

Standard deviations are calculated for data seis having >3 values.

TABLE C.2, Summary of Storage Conditions.

Matrix Storage Temperature Actua)] Storage Duration Interval of Demonstrated
(°C) (days) Storage Stability (days)*

Sorghurm grain and flour 26

Wheal grain 75

Wheat middlings, bran, flour, <-10 34-45 306466

shouts and germ

Com prain, grits, meal, flour, }

starch, and oil 22-37

Interval from harvesi to extraction for analysis. Extracts were stored up (o 10 days prior io analysis.
? Endothall is stable under frozen conditions for up 1o 465 days in com grain and 305 days in soybean seed and oil
{47520719.der, under review).

TABLE C.3.  Residue Data from Grain Processing Studies with Endothall Monoamine Sait (SC/L).
_ Total Rate ' PHI Residues 2 Processing
C]'Op COmmOdlty ppm b aefA (days) (Ppm) Factor
Field Com Grain {RAC) <0.05 -
Grits <0.05 NC
Meal <0.05 NC
Flour 5.0 6.77 0 <0.05 NC
Starch <0.05 NC
Qil, refined {wet milled) <0.05 NC
Qil, refined {dry milled) <(.05 NC
Sorghum Grain (RAC) 5 677 o 1.49 -
Flour 1.09 0.7x
DP# 356315/MRID No. 47520713 Page 11 of 12 /{
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TABLE C.3. Residue Data from Grain Processing Studies with Endothall Monoamine Salt (SC/L).
_ Total Rate ! PHI Residues 2 Processin

Crop Commodity opm b ae/A (days) (ppm) Factor :

Wheal Grain (RAC) 1.34 -
AGF 203° 15x
Bran ilo 23x
Middlings 5.0 6.71 0 1.14 0.9x
Flour 0.747 0.6x
Shorts 1.81 1.4x
Germ 3.44 2.6x

The rate is expressed both in terms of the concentration in the irrigation water (ppm) and the total amount {Ib ae/A) applicd,
* Expressed in acid equivalenis, The LOGQ is 0.05 ppm for each commodity.

? Average of two samples (2.0 and 1.80 ppm).

* Average of three analyses on a single sample.

NC = not calenlated, as residues were <LOQ in the RAC and all processed fractions

D. CONCLUSION

The cereal grain processing studies are adequate. Although residues were <L.OQ in/on comn
graip, endothall residues did not appear to concentrate in any corn grain processed fractions. For
sorghum, endothall residues were reduced in flour (0.7x). For wheat, endothall residues were
shown to concentrate substantially in AGF (15x) and to lesser extent in bran, germ and shorts
(1.4x-2.6x). Residues were reduced in both wheat middlings and flour (0.6x-0.9x).
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David Soderberg, Chemlst RABY, HED
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Willtam Donovan Senior Scientist, RABV,
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road,
Building 100, Suite B, Durham, NC 27713; submitted 3/31/2009). The DER has been reviewed by the
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office
of Pesticide Programs (OPP) policies.

STUDY REPORT:

47520715, Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on
Animal Feed Nongrass Group: Lab Project Number: Z9756. Unpublished study prepared by
Interregional Research Project No. 4. 226 pages.

EXECUTIVE SUMMARY:

Interregional Research Project No. 4 (IR-4) submitted field trial data reflecting the exposure of
alfalfa to endothall through the use of treated irrigation water. In two alfalfa field trials
conducted during 2007 in Zones 5 and 7, a 2.0 1b ae/gal soluble concentrate (SC/L) formulation
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae.
fIn order to avoid the complications of different molecular weights for different salts, endothall
concentrations are expressed as the free acid equivalents {ae).] The treated water was applied to
the alfalfa during vegetative development as six broadcast foliar applications using overhead
sprinklers, at retreatment intervals (RTIs) of 6-8 days. A volume equivalent to ~1 acre inch of
water (27,000 gal/A) was applied for each application. Based on the concentration of the
endothall in the irrigation water and the amount of water applied, the application rates for
endothall were equivalent to 0.99-1.10 1b ae/A/application, for a total of 5.94-6.58 1b
ae/Alseason.

Duplicate control and treated samples of alfalfa forage and hay were harvested from each test on
the day of the final application (0 days after treatment, DAT), and the hay samples were fie]ld-
dried for 1-5 days prior to collection. After collection, samples were stored at <-18°C for up to
83 days prior to analysis. Adequate storage stability data are available to support the duration

and conditions of sample storage.

Residues of endothall {free acid) in/on alfalfa forage and hay were determined using an adequate
LC/MS/MS method (Method No. KP-242R1). For this method, residues were extracted with
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3PQ4. The
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall

DP# 356315/MRID No. 47520715 Page 1 of 9
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acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on forage and hay is
0.05 ppm.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(5.94-6.58 1b ae/A/season), endothall residues were 1.41-2.24 ppm in/on four forage samples and
3.09-5.31 ppm in/on four hay samples harvested at 0 DAT. Average endothall residues were
1.95 ppm for forage and 4.57 ppm for hay, and the highest average field trial (HAFT) residues
were 2.12 ppm for forage and 4.93 ppm for hay. No residue decline data were provided.

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS:

Under the conditions and parameters used in the study, the alfalfa field trial residue data are
classified as scientifically acceptable. Although limited field trials were performed, these
applications are expected to be conservative relative to actual inadvertent applications. The
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA
Residue Chemistry Summary Document, DP# 356315,

COMPLIANCE:

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an adverse impact on the validity of the study.

A, BACKGROUND INFORMATION

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide,
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class.
The free acid of endothall (PC Code 038901} and its dipotassium (PC Code 038904) and
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control
a variety of plants in water bodies. , including irrigation canals. They are also registered for
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds,
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR
§180.293(a)(1)].

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419),
IR-4 has submitted field trial data reflecting irrigation of alfalfa with endothall-treated water,
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in
Table A.1. The physicochemical properties of technical grade endothall and its monoalkylamine
salt are listed in Table A.2. '
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Table A.1. Nomenclature of Endothall and its Monoalkylamine Sals.

Chemical Structure O
OH
COH
O
Common narme Endothall
Molecular Formula CeHgOs
Molecular Weight 186.16
TUPAC name 7-oxabicyclof2.2. 1 Theptane-2,3-dicarboxylic acid
CAS name T-oxabicyclo[2.2. Hheptane-2,3-dicarboxylic acid
CAS # 145-73-3
PC Code 038901
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed
| Registration
Chemical Structure 0
- HC
O \
N—CH_(n)CH
OH P, ACH,
HC
O (h="717)
Common name Endothall, mono-N,N-dimethylalikyl amine salt
Molecular Formula - Not available
Moalecular Weight Average: 422
JUPAC name 7-oxabicyclo{2.2. 1}heptane-2,3 -dicarboxylic acid, compound with N,N-dimethylcocoamine
CAS name Not available
CAS # 66330-88-9
PC Code 38905
Current Food/Feed Site Caotion, hops, potato, alfalfa grown for seed, aquatic uses
Registration
DP# 356315/ MRID No. 47520715 Page 3 of 9

322/1



=R

Endecthail/038901/Interregional Research Project No, 4
DACO 6.4, 74, 7.8/0PPTS 360.1400/0ECD IIIA 843 and 111A 8.3
Water, Fish, and Irrigated Crops - Irrigated Alfalfa

Table A.2. Physicochemical Properties of Endothall and Its Monocalkylamine Salt,

Parameter [ Value | Reference

Endotiall (acid)

Melting point 108110T D187593, D187590, and D 157588,
5/5/93, K. Dockier

pH 27at25C (1% solution) D187593, D187590, and D187 588,

5/5/93, K. Dockter

Density, bulk density, or specific
: gravity

0.481 g/em? {bulk} at 25%C

D187593, D187590, and D187588,
5/5/93, K. Dockter

Water solubility at 25

109.8 g/l

13.1 g/100 mL in water, pH 5
12.7 /100 mi. in water, pH 7
2.5 /100 mL in water, pH 9

D166798, 7/2/92, K. Dockter
D207011, 9730/94, F. Toghrol

Solvent selubility at 25

3.4 g/100 mL in acetonitrile
2.4 g/100 mL in n-octanol
16.0 /100 ml in tetrahydrefuran

D207011, 9/30/94, F. Toghrol

Vapor pressure

3.92 x 107° mm Hg at24.3C

D166798, 7/2/92, K, Dockter

Dissociation constant, pK,

4.32 for Step 1 and 6.22 for Step 2 at 20T (0.2%
solution in 20% basic ethanol); dissociation rate
1.8-2.3 x 19" pmho within 3-5 minutes at 3257,
by conductivity meter

IY188708, 5/3/93, K. Dockter

Qctanoliwater partition coeflicient

Not applicable to endothall acid

D166798, 7/2/92, K. Deckier

UV/visible absorption spectium

Not available

Endothall, moeno-N,N-dimethyialkyl amine salt

Boiling poinl

Not available

pH

5.2 at 25 {1% solution)

D187593, D1875990, and D187588,
5/5/93, K. Dockler

Deensity, bulk density, or specific

1.028 g/ml, at 25°C

D187593, D187590, and D187588,
5/5/93, K. Dockter

 gravity
Water solubility at 25

249.2 g/100mL in water, pH 5
»51.6 /100 mL in water, pH 7
249.8 g/100 ml. in watcr, pH 9

D210814, 8/9/95, S, Knizner

Solvent selubility a1 25

>102.5 g/ 100mLl. in acetonitrile
295.4 g/100 mL in n-octanol
2104.3 ¢/100 mL in tetrahydrofuran

D210814, 8/9/95, S. Knizner

Vapor pressure

2.09 x 10 mm Hg a1 25C (calculated: mixed
mono~ and dialkylamine {C3-C20))

D206344, 9/22/94, F. Toghrol

Dissociation constant, pX,

4.24 for Step 1 and 6.07 for Step 2 a1 20°C for
mixed mono- and dialkylamine (C8-C20) in
acidified ethanol/water; dissociation complete
2117 minutes {1.7 x 10° pmho) at 25

D198285, 4/7/94, F. Toghrol

Qctanel/water partition coefficient

Kow 2.097 at concentrations of 8.9 x 10> M and
89x10'M,at25%C

209995, 1/20/95, L. Edwards

UV/visible absorption spectrum

Mot available

B, EXPERIMENTAL DESIGN

B.1.

Study Site Information

Two alfalfa field trials were conducted in Zones 5 and 7 during 2007 (Table B.1.1). The
irrigation water used in each test was treated with endothall (2.0 1b ae/gal SC monoalkylamine

salt) at a concentration of ~5 ppm, acid equtvalent. The treated water was applied to the alfalfa
during vegetative development as six broadcast foliar applications using overhead sprinklers, at

Page 4 of 9
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RTIs of 6-8 days. A volume equivalent to ~1 acre inch of water (~27,154 gal/A) was applied for
each application. Based on the concentration of the endothall and the amount of water applied,
application rates for endothall were equivalent to 0.99-1.10 1b ae/A/application, for a total of
5.94-6.58 1b ae/A/season (Table B.1.3). These applications are expected to be conservative
relative to actual applications.

TABLE B.1.1. Trial Site Conditions.

. a1
Trial 1dentification (City, Stare; Year) Soil characteristics

Type %0M pH CEC (meg/100g)

Velva, ND 2007
ND$20 Loam 32 5.6 17.8
Tilden, IL 2007 .
1L$30 Silt 2.8 5.6 16.8

These parameters are optional except in cases where their value affects the use patiern for the chemical.

TABLE B.1.2. Water Characterization.

. Water characteristics
Study site -
Typc Hardncss/Salinity pld Turbidity Drissolved OM
Velva, NIy 2007
ND$20 Well NR NR NR NR
Tilden, IL 2007 .
11330 City water NR NR NR NR

NR = not reported.

The actual temperature recordings and rainfall were typical for each site and no unusual weather
conditions were reported. No irrigation was reported during the study period. The tests were
conducted according to normal agricultural practices for the regions, and information was
provided on maintenance pesticides and fertilizers used at each site. No information was
provided on the characteristics of the water used for irrigation, other than the source (Table
B.1.2).

TABLE B.1.3. Study Use Pattern.
(Lgitcayﬁgrt;te' Year) End-Use Appu{ffmlon In{on:? tklm Rat RTI* Total R
3 3 Tt alume Ingle Rate otal Rate
Trial 1D Product Method; Timing | Concen. " [ y/ay2 | iy 2era)’ | (days) | (bawiA)?
Velva, ND 2007 Six broadcast foliar
ND§20 ) application during
20 ét():?ltifgal vegetative development 5.6 26,365 1.10 7 6.58
using overhead
sprinklers.
Tilden, 11. 2007 Six broadcast foliar
1L$30 application during
20lbae/gal L0 ative development | 5.0 | 21,679 0.9 6-8 5.94
SC/L ;
using overhead
sprinklers.

The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water.
% The target irrigation rate was 1 acre inch of water or 27,154 gal/A.
' The equivalent field use rates were calculated by the reviewcr based on the concentration of the endothall (ae), the application
volume and plot size.
4 RTI = Retreatment Interval.

DP# 356313/ MRID No. 47520715 Page 5 of 9
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TABLE B.1.4. Trial Numbers and Geographical Loecations,
NAFTA Growing Zones® Alfalfa

Submitted Reguested’

Canada U.s.

1 - - ]
5 - - ]
3 - -- -
4 - . -
5 I - 6
6 .- - --
7 i - 1
8 —— — .
9 - -- |
10 -- -- 1
11 - - 1
12 .- — -
13 ~ - -
Total 2 w 1252

' Based on EPA OPPTS Guideline 860.1500.
* The number in brackets indicates a 25% reduction tequired to support a crop group tolerance,
Y Regions 1A, 5A and B, 7A and 14-2] are net included in this table as the proposed use is for the U.S. only.

B.2. Sample Handling and Preparation

Alfalfa forage and hay samples were cut at 0 DAT (after the sixth application). Duplicate treated
and control samples of forage (>2.0 Ibs) were collected immediately after harvest and placed into
frozen storage within 1 hour. The hay was allowed to field-dried for 1-5 days prior to sampling.
Duplicate control and treated samples of hay were then place in frozen storage within I hour of
collection. Samples were stored frozen at the field sites for 10-16 days. Samples were then
shipped by ACDS freezer truck to the analytical laboratory, Cerexagri, Inc. (King of Prussia,
PA), and stored frozen (=-18EC) prior to analysis.

B.3. Analytical Methodology

Residues of endothall (free acid) in/on alfalfa forage and hay were determined using a
LC/MS/MS method (Method No. KP-242R1) entitled “Analytical Method for Determination of
Endothall in Crops™, issued 5/4/2007.

For this method, residues were extracted twice by homogenization with water followed by
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3PO, at 100-
120°C for 90 minutes, After cooling, the derivatized residues were partitioned into MTRE,
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v/v). Residues were then cleaned
using an amine SPE cartridge eluted with methanol:MTBE (4:1,v/v). Residues were analyzed by
LC/MS/MS using external standards. The m/z 397—166 ion transition was used for quantifying
residues. Residues are expressed in endothall acid equivalents. The validated 1.OQ for endothall

DP# 356315/MRID No. 47520715 Pape 6 of 9
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in/on forage and hay is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this value
was the instrument LOD, rather than the LOD of residues in a control matrix.

Control samples of forage and hay were fortified with endothall at 0.05-5.0 ppm for method
validation and at 0.05-2.0 ppm for the concurrent recoveries.

C. RESULTS AND DISCUSSION

The LC/MS/MS method used for determining residues of endothall in/on alfalfa was adequately
validated prior to and in conjunction with the analysis of field trial samples. Average method
validation recoveries (+ SD) were 82 & 7% for forage and 81 £ 9% for hay (Table C.1). Average
concusrent recoveries (=SD) were 79 & 9% for forage and 79 = 4% for hay. Apparent residues of
endothall were <LLOQ in/on all control samples. Adequate sample calculations and example
chromatograms were provided, and the fortification levels used for the method recoveries were
similar in magnitude to the measured residue levels.

Forage and hay samples were stored at <-18°C for up to 66 and 83 days, respectively, prior to
analysis (Table C.2). Adequate storage stability data are available indicating that endothall is
stable in frozen lettuce, corn grain and sugar beet roots for up to 465 days (47520719.der, under
review). These stability data will support the storage durations and conditions for the current
alfalfa field trials.

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm
(5.94-6.58 b ae/A/season), endothall residues were 1.41-2.24 ppm in/on four forage samples and
3.09-5.31 ppm infon four hay samples harvested at 0 DAT (Table C.3). Average endothall
residues were 1.94 ppm for forage and 4.56 ppm for hay, and the HAFT residues were 2.12 ppm
for forage and 4.93 ppm for hay (Table C.4). No residue decline data were provided.

No phytotoxicity on the treated alfalfa was reported at either test site. Common cultural
practices were used to maintain plants, and the weather conditions and maintenance chemicals
and fertilizer used in this study did not have a notable impact on the residue data.

TABLE C.1. Summary of Method Validation and Concurrent Recoveries of Endothall from Alfalfa,
Marrix Spike Level Sample Size Recoverics Mean & $1d, Dev.
{ppm)} (n) (%) %)
Method Validation
{ 0.05 { 3 71,80,80 | 775
3.5 3 96, 83, 83 87+ 8
Forage
30 3 85,81,76 Blx5
Total 9 7i-96 827
0.05 3 74, 86, 87 86 x 11
0.5 3 84,78, 75 8210
Hay
5.0 3 79, 77, 71 EY!
Total 9 71-96 8i+9
DP# 35631 5/MRID No. 47520713 Page 7 of 9
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TABLE C.1. Summary of Method Validation and Cencurrent Recoveries of Endothall from Alfalfa.
Matrix Spike Level Sample Size Recoveries Mean + Std. Dev.
{ppm) (n) (%) (%)
Coneurrent Recoveries
D.05 2 70,74 72
Forage 1.0 1 80 80
2.0 1 91 91
Total 4 7051 79+9
0.05 2 85,76 81
Hay 1.0 | 78 78
2.0 | 77 77
Total 4 76-85 79+ 4

Standard deviations are calculated for data sets having 23 values.

TABLE C.2, Summary of Storage Conditions.

Matrix Storage Temperature Acilual Storage Duration Interval of Demonstrated
(°C) (days} Storage Stability (days)*

Forage <18 66 469

Hay 73-83

Interval from harvest lo extraclion for analysis. Extracts were stored 1-7 days prior to analysis.

¥ Based on storage stability data from frozen tomatoes, lettuce, com grain, sugar beet roots, and Soybean seeds (47520719.der,

under review).

TABLE C.3. Residue Data from Alfalfa Crop Field Trials with Endothall Monoalkylamine Sakt (SC/1).
Trial ID gt ‘ Total Rate ! P13l . 14
(City, State; Year) Zone | Crop; Variety Matnix p—- 1 (days) Residues (ppm)

Velva, ND 2007 . Alfalfa; Forage 6.58 0 2,13 1.4t
ND$20 NK919 Hay ' 4.98 4.87
Tilden, 1L 2007 s Alfalfa; Forage 504 o 2.24 1.69
IL$30 cattleman’s Hay ' 531 3.09

* The hay samples were cut at § DAT and field-dried for | or 5 days prior to collection.
3 Expressed in acid equivalents. The LOGQ is 0.05 ppm.
* The two results for each field trial represent two samples taken from & single plot, not two plots,

The rate is expressed both in terms of the concentration in the irrigation waler (ppm) and the tolal amount (Ib 2e/A) applied.

TABLE C.4.  Summary of Residue Data from Alfalfa Field Trials with Endothall Menoalkylamine Salt
(8C/L).
: 2
Commodity | T0%21 Applic. | PHI Residue Levels (PP;A“)G, -
Rate {days) : | edian €an
y N Min, Max. HAFT (STMER) | (STMR) Std. Dev.
Forage S ppm ) 2 1,77 2.12 2.12 1,95 1.95 0.25
Hay (5.94-6.58) 0 2 4.93 520 5.20 5.07 5.07 0.19
The value in parentheses is the total application rate in ferms of Ib ac/A.
? Residues are expressed in terms of 1he free acid. The LOQ is 0.05 ppm,
3 HAFT = Highest Average Ficld Trial.
DP# 3563 [5/MRID No. 47520715 Page 8 of 9
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D. CONCLUSION

The available field trial data are adequate and support the use of endothall-treated water for
irrigation of alfalfa. The data support the use of endothall in irrigation water at a concentration
of 5 ppm ae, with no more that six applications per season, and a minimum 7-day interval
between applications to the water. Residues in the alfalfa are determined at a 0-day PHI.

E. REFERENCES
None
F. DOCUMENT TRACKING

RDI: David Soderberg {5 June 2009); William Donovan (5 June 2009)
Petition Number: 8E7419

DP#: 356315

PC Code: 03890] and 038905

Template Version June 2005

DB# 3563 15/MRID No. 47520715 Page 5 of 9

328



